
Calorimeter Simulations in the Calorimeter Simulations in the 
Context of the 4th ConceptContext of the 4th Concept

Corrado Gatto

INFN Napoli

On Behalf of FNAL and INFN groups

ILC ALPCG07ILC ALPCG07



ALCPG07, October 25th 2007ALCPG07, October 25th 2007 Corrado Gatto  Corrado Gatto  -- INFN NapoliINFN Napoli 22

OutlinesOutlines

�� Status of simulations of a Dual Readout Status of simulations of a Dual Readout 

CalorimeterCalorimeter

�� increased statistics increased statistics 

�� new studiesnew studies

�� Improved pattern recognition/reconstructionImproved pattern recognition/reconstruction

�� some bug fixsome bug fix

�� Electromagnetic CalorimeterElectromagnetic Calorimeter
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The 4th Concept The 4th Concept HadronicHadronic
Calorimeter (first versionCalorimeter (first version**) ) 

� Cu + scintillating fibers + Ĉerenkov fibers

� ~1.5°aperture angle

� ~ 10 λint depth

� Azimuth coverage

down to 3.8°

� Barrel: 13924 cells 

� Endcaps: 6328 cells

Fully projective geometry

*In the present studies
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Number of fibers inside each cell: 1980

equally subdivided between Scintillating 
and Cerenkov

Fiber stepping ~2 mm

HadronicHadronic Calorimeter CellsCalorimeter Cells

Bottom view of single cell
Top cell size:~ 8.8 × 8.8 cm2

Bottom cell size: ~ 4.8 × 4.8 cm2

Prospective

view of

clipped cell

Cell length: 150 cm

300 µm radius

Plastic/Quartz fibers

Aperture Number=0.50

(C fibers)
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Goal is Goal is σσEE/E /E ≈≈ 30%30%--40%/40%/√√E E 

The two The two ““keyskeys”” for the solutionfor the solution

Reduce the fluctuation that dominate the calorimeter Reduce the fluctuation that dominate the calorimeter 

performanceperformance

1. Fluctuation in the Electromagetic/Hadronic shower fraction, fem

2. Fluctuation in visible energy (nuclear binding energy losses)

Have a jetHave a jet--finder that handles successfully the finder that handles successfully the 

energy/tracks outside the jets coreenergy/tracks outside the jets coreSee A. 

Mazzacane talk 

on Wednsday
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ReconstructedReconstructed EnergyEnergy
Total calorimeter energy: use two measured signals and two, energy-independent, 

calibration constants
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ReconstructedReconstructed EnergyEnergy
Total calorimeter energy: use two measured signals and two, energy-independent, 

calibration constants
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ReconstructedReconstructed EnergyEnergy
Total calorimeter energy: use two measured signals and two, energy-independent, 

calibration constants
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Non-gaussian

Non-gaussian
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ReconstructedReconstructed EnergyEnergy
Total calorimeter energy: use two measured signals and two, energy-independent, 

calibration constants
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40 GeV ππππ
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Simulation DetailsSimulation Details
� ILCroot framework

� Full detector configuration (VXD, TPC/SiT or DCH , Calorimeter, Magnet)

� Pandora-Pythia,Whizard, Sherpa, CompHEP, GuineaPig to generate 
events

� Fluka to track particles in the detectors

� Scintillation and Cerenkov light handled with appropriate algorithms 

� Full digitization/clusterization (noise, thresholds, etc.)

� Full pattern recognition

� Clusterization = collection of nearby = collection of nearby ““digitsdigits””

� Unfolding of overlapping showers through Minuit fit to shower shape

� Durham for jet-finding/reconstruction 

See my talk on Monday

At the tracking session
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Event Display in ILCrootEvent Display in ILCroot

Low pt secondary 
muon

e+e- -> HoHoZo

−> 4 jets 2 

muons

ECM = 500 

GeV
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Understanding FlukaUnderstanding Fluka
�� Total energy deposited in any volume (including Beam Pipe, Total energy deposited in any volume (including Beam Pipe, 

Trackers, etc.)Trackers, etc.)

�� Total invisible energyTotal invisible energy

� “Energy of particles below threshold”

� “Residual excitation energy”

� excitation energy which is left after evaporation of nuclei and not emitted as 

prompt gamma de-excitation (e.g., radioactive decay energy)

�� ““Energy escaping the systemEnergy escaping the system”” (i.e. Punch(i.e. Punch--through)through)

�� ““DiscardedDiscarded”” particles (i.e. neutrinos)particles (i.e. neutrinos)

� Energy of particles out of time limit”

�� ““Missing EnergyMissing Energy”” (mostly (mostly endothermic nuclear reactions)

Look into Fluka 

manual for 

details

Almost never happen
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Total Fluka Visible vs Invisible EnergyTotal Fluka Visible vs Invisible Energy

+

=

Invisible Fluka Energy Visible Fluka Energy

Di-jet events 

with 

Ecm = 100 GeV
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Fluka Invisible Energy ComponentsFluka Invisible Energy Components

Di-jet events 

with 

Ecm = 100 GeV
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Single Particles StudiesSingle Particles Studies

with Hadron Calorimeterwith Hadron Calorimeter
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HCAL resolution with single HCAL resolution with single π (π (usingusing σ)σ)

%5.1/%9.34/ ⊕= EEEσ

Sizeable punchthrough
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HCAL resolution with single HCAL resolution with single π (π (usingusing rmsrms9090))

%5.1/%9.34/ ⊕= EEEσ

%7.1/%7.30/90 ⊕= EErms

Sizeable punchthrough

gaussian fit
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HCAL Response with single HCAL Response with single π (π (usingusing σ)σ)

Sigma from Gaussian fit  on the Energy Distribution

Mean from Gaussian fit  on the Energy Distribution

Visible energy 
fully measured ηηcc & & ηηss

Independent on Independent on 
EnergyEnergy
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PID from HCALPID from HCAL
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Time Spectrum of Scintillating FibersTime Spectrum of Scintillating Fibers

40 GeV π-

Test beam

Test beam
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Time Spectrum of Cerenkov FibersTime Spectrum of Cerenkov Fibers

40 GeV π-

Test beam

Test beam
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DiDi--jet Studiesjet Studies

withwith

Hadron CalorimeterHadron Calorimeter

�� See also the talk by A. Mazzacane on WednsdaySee also the talk by A. Mazzacane on Wednsday
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e+e-→ qq (q=uds)   @  60, 100, 140, 200, 300, 500 GeV

40.640.645.045.0500500

36.736.742.142.1300 300 

34.934.939.639.6200200

32.732.737.937.9140140

34.034.040.140.1100100

32.132.137.537.56060

σ/Ε = σ/Ε = σ/Ε = σ/Ε = σ/Ε = σ/Ε = σ/Ε = σ/Ε = αααααααα////////√√EEσ/σ/σ/σ/σ/σ/σ/σ/E =E = αααααααα////////√√EEEECMCM(GeV(GeV))

σσσσσσσσ rmsrms 9090

(rmsrms 9090 : rms of central 90% of events)

From A. Mazzacane

talk
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Energy ResponseEnergy Response

ηηcc & & ηηss
Independent Independent 
on Energyon Energy

CM Energy (GeV)
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500
p0        3.071± -0.4395 
p1        0.01922± 0.9975 

p0        3.071± -0.4395 
p1        0.01922± 0.9975 

HCAL Total Energy Response

Mean from Gaussian fit  on the Total Energy Distribution

Sigma from Gaussian fit  on the Total Energy Distribution

From A. Mazzacane

talk

Visible energy 
fully measured

ηηcc & & ηηss

Independent on Independent on 
EnergyEnergy
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Total Energy RTotal Energy Resolutionesolution ((gaussiangaussian fit)fit)

CM Energy (GeV)
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 / ndf 2χ  3.456 / 4
p0        0.01098± 0.3694 
p1        0.001941± 0.01104 

 / ndf 2χ  3.456 / 4
p0        0.01098± 0.3694 
p1        0.001941± 0.01104 

HCAL Total Energy Resolution

%1/%9.36/ ⊕= EEEσ

From A. Mazzacane

talk
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Total Energy RTotal Energy Resolutionesolution (rms(rms9090))

CM Energy (GeV)
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 / ndf 2χ  1.869 / 4
p0        0.01058± 0.3118 
p1        0.001592± 0.0112 

 / ndf 2χ  1.869 / 4
p0        0.01058± 0.3118 
p1        0.001592± 0.0112 

HCAL Total Energy Resolution (rms90)

%1/%9.36/ ⊕= EEEσ

%1/%2.31/90 ⊕= EERMS

gaussian fit

From A. Mazzacane

talk
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Jets Reconstruction Jets Reconstruction PerformancePerformance

forfor didi--jet eventsjet events

�� Use Durham jet finderUse Durham jet finder

�� Jet Energy   reconstructionJet Energy   reconstruction

�� Energy ResolutionEnergy Resolution
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Di-jet events    e+e-→ qq (q=uds)     @  60, 100, 140, 200, 300, 500 GeV

Entries  904
Mean    148.6
RMS     9.215

 / ndf 2χ  64.39 / 51
Constant  2.30± 49.73 
Mean      0.3± 149.1 
Sigma     0.235± 7.552 

Jet Reconstructed Energy (GeV)
80 100 120 140 160 1800

10

20

30

40

50

60

70
Entries  904
Mean    148.6
RMS     9.215

 / ndf 2χ  64.39 / 51
Constant  2.30± 49.73 
Mean      0.3± 149.1 
Sigma     0.235± 7.552 

di-jet @ 300 GeV

Entries  668

Mean    247.9

RMS     15.43

 / ndf 2χ  112.4 / 81

Constant  1.6±  23.9 

Mean      0.4± 249.2 

Sigma     0.533± 9.385 

Jet Reconstructed Energy (GeV)
120 140 160 180 200 220 240 260 280 3000

5

10

15

20

25

30

Entries  668

Mean    247.9

RMS     15.43

 / ndf 2χ  112.4 / 81

Constant  1.6±  23.9 

Mean      0.4± 249.2 

Sigma     0.533± 9.385 

di-jet @ 500 GeV

2 entries/event

41.041.045.245.2250250

41.341.349.449.4150 150 

37.137.142.642.6100100

38.038.042.342.37070

39.839.845.045.05050

39.939.943.043.03030

σ/σ/σ/σ/σ/σ/σ/σ/E = E = αααααααα////////√√EEσ/Ε = σ/Ε = σ/Ε = σ/Ε = σ/Ε = σ/Ε = σ/Ε = σ/Ε = αααααααα////////√√EEEEjetjet (GeV(GeV))

Di-jet @ 300 GeV

Di-jet @ 500 GeV

2 entries/event

σσσσσσσσ rmsrms 9090

(rms90rms90 : rms of central 90% of events)
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Jet Energy (GeV)
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 / ndf 2χ  17.38 / 4
p0        0.009865± 0.4217 
p1        0.00317± 0.01289 

 / ndf 2χ  17.38 / 4
p0        0.009865± 0.4217 
p1        0.00317± 0.01289 

Jet Energy Resolution

Jet Energy  Resolution    Jet Energy  Resolution    ((gaussiangaussian fit)fit)

%3.1/%2.42/ ⊕= EEEσ

%1/%9.36/ ⊕= EEEσ

No jet finder

From A. Mazzacane

talk
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Jet Energy (GeV)
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 / ndf 2χ  5.926 / 4
p0        0.01098± 0.3852 
p1        0.005842± 0.006922 

 / ndf 2χ  5.926 / 4
p0        0.01098± 0.3852 
p1        0.005842± 0.006922 

Jet Energy Resolution (rms90)

Jet Energy  Resolution    Jet Energy  Resolution    (rms(rms9090))

%1/%5.38/90 ⊕= EERMS

%1/%2.31/ ⊕= EEEσ

No jet finder

From A. Mazzacane

talk
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ZZoo Pole StudiesPole Studies

Ecm = 91 GeVEcm = 91 GeV
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ZZoo Mass    (Mass    (with Gaussian fit)with Gaussian fit)
39.7 %/sqrt(E)

All events, no cuts
From A. Mazzacane

talk
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ZZoo MassMass (with  RMS(with  RMS9090))
(rms90: rms of central 90% of events) 32.8 %/sqrt(E)

All events, no cuts
From A. Mazzacane

talk
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The 4th Concept The 4th Concept 

Electromagnetic Electromagnetic 

CalorimeterCalorimeter
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ECALECAL

++

HCALHCAL
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4th Concept Crystal Calorimeter4th Concept Crystal Calorimeter

~ 27.7 ~ 27.7 X/XX/Xoo~ 17.9 ~ 17.9 X/XX/XooDepth (Depth (X/XX/Xoo))

4.5 pe/MeV4.5 pe/MeV5 pe/MeV5 pe/MeVScintillation yieldScintillation yield

1.4 pe/MeV1.4 pe/MeV0.6 pe/MeV0.6 pe/MeVCerenkov yieldCerenkov yield

2*253122*253122*506242*50624Total cell endcapsTotal cell endcaps

5569655696222784222784Total cell barrelTotal cell barrel

3.43.4°°3.4 3.4 °°Coverage in Coverage in θθ

~0.76~0.76°°~0.38~0.38°°GranularityGranularity

~1.25 ~1.25 λλ~0.88 ~0.88 λλDepth (Depth (λλ))

None + trackingNone + tracking5% X/Xo + tracking5% X/Xo + trackingmaterial in frontmaterial in front

155, 180155, 180155,175155,175Rin, Rout cmRin, Rout cm

2 x 2 x 25 cm2 x 2 x 25 cm1 x 1 x 20 cm1 x 1 x 20 cmDimensionsDimensions

PbFPbF22 with with 0.15% 0.15% GdGd dopingdoping

25 cm25 cm
BGO (20 cm)BGO (20 cm)CrystalsCrystals

Version BVersion BVersion AVersion A

Version B
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EESS DistributionDistribution
(for 50 cm long crystals)(for 50 cm long crystals)

EE
E %2.8=σ

PbF2

EE
E %5.2=σ

BGO

40 GeV e-

40 GeV e-
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EECC DistributionDistribution
(for 50 cm long crystals)(for 50 cm long crystals)

EE
E %3.7=σ

PbF2

EE
E %4.7=σ

BGO

40 GeV e-

40 GeV e-
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Combining ECombining ESS and Eand ECC

(for 50 cm long crystals)(for 50 cm long crystals)

EE
E %7.5=σ

PbF2

EE
E %0.4=σ

BGO

40 GeV e-

40 GeV e-

( ) ( )
SC

SCCCSS
ECAL

EE
E

ηη
ηηηη

−
−⋅⋅−−⋅⋅= 11
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Recostruction in the Hadronic Recostruction in the Hadronic 

and Electromagnetic and Electromagnetic 

Calorimeters CombinedCalorimeters Combined
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70 GeV 70 GeV ππoo in ECAL+HCALin ECAL+HCAL
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Resolution for Resolution for ππoo in ECAL+HCALin ECAL+HCAL

%1.0/%0.8/ ⊕= EEEσ
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Performance SummaryPerformance Summary
Hadron Calorimeter (fibers)Hadron Calorimeter (fibers)

38.5%/38.5%/√√E E ⊕⊕ 0.8%0.8%42.2%/42.2%/√√E E ⊕⊕ 1.2%1.2%Single jetSingle jet

31.2 %/31.2 %/√√E E ⊕⊕ 1.1%1.1%36.9%/36.9%/√√EE⊕⊕ 1.1%1.1%Total visible diTotal visible di--jetjet

30.7%/30.7%/√√E E ⊕⊕ 1.7%1.7%34.9%/34.9%/√√E E ⊕⊕ 1.5%1.5%Single hadronSingle hadron

rmsrms 9090/E/EσσσσσσσσEE/E/E

Electromagnetic CalorimeterElectromagnetic Calorimeter

4.0%4.0%--5.7%/5.7%/√√EESingle electronSingle electron

σσσσσσσσEE/E/E

Hadron + Electromagnetic Calorimeter Hadron + Electromagnetic Calorimeter 

8.0%/8.0%/√√E E ⊕⊕ 0.1%0.1%Single Single ππ°°

σσσσσσσσEE/E/E
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WhatWhat’’s Nexts Next
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Entering Optimization Phase Entering Optimization Phase 
New HCAL Layout* New HCAL Layout* 

� Cu + scintillating fibers + Ĉerenkov fibers

� ~1.4°aperture angle

� Azimuth coverage

down to 3.8°

� Barrel: 16384 cells

� Endcaps: 6084 cells

Fully projective geometry
*Under development

Changes from previos version

red color
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Number of fibers inside each cell:~1480

equally subdivided between Scintillating 
and Cerenkov

Fiber stepping ~3 mm

New New 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

Cell length: 150 cm

Square 1×1 mm2

Plastic fibers (by St. Gobain)

Aperture Number=0.73
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SummarySummary
� Studies of a  Calorimeter with Dual Readout are 

proceeding at full speed

� Montecarlo simulation agrees very well with data
from DREAM test beam

� No equivalent comparison with experiment is still 
possible for the EM calorimeter

� Performance of Hadron Calorimeter  indicates it is 
well suited for single particle and jet 
reconstruction at ILC :

� There is room to improve these resolutions
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Backup slidesBackup slides
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Dual Radout TechnologiesDual Radout Technologies

�� Sampling:Sampling:

�� Fiber calorimeter (HCAL) + single crystal Fiber calorimeter (HCAL) + single crystal 

(ECAL)(ECAL)

�� Total absortion:Total absortion:

�� Segmented crystals (HCAL &ECAL)Segmented crystals (HCAL &ECAL)
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Dual Dual REAdoutREAdout Module (DREAM)Module (DREAM)

Unit cell

Back end of 
2-meter deep 
module

Physical 
channel 
structure

http://www.phys.ttu.edu/dream/

A6



Slide 51

A6 The technology has been proved at a test beam, but never in a real experiment.
Anna, 9/13/2007
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Total Absorption Dual Readout Total Absorption Dual Readout 

CalorimeterCalorimeter
�� Uniform, integrated (EM+HAD) calorimeterUniform, integrated (EM+HAD) calorimeter

�� High density (~8g/cm3) High density (~8g/cm3) ���� 66--7 7 λλ in  a typical ILC calorimeter gapin  a typical ILC calorimeter gap

�� Linear response to hadrons and electrons (Linear response to hadrons and electrons (e/he/h=1)=1)

�� Excellent single particle and jet energy resolution  (<25%/sqrt(Excellent single particle and jet energy resolution  (<25%/sqrt(E))E))

�� Excellent electron/photon energy resolution  Excellent electron/photon energy resolution  

�� Decoupled energy and spatial measurements of EM showers: three sDecoupled energy and spatial measurements of EM showers: three silicon pixel ilicon pixel 

layers layers 

�� Total absorption calorimeter: minimal reliance on Monte Carlo moTotal absorption calorimeter: minimal reliance on Monte Carlo modelingdeling

�� Longitudinal segmentationLongitudinal segmentation
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Possible Calorimeter DesignPossible Calorimeter Design

�� Heavy crystals (PbWO4, PbF2 doped with Heavy crystals (PbWO4, PbF2 doped with scintillatorscintillator)  or )  or 

scintillating glass transparent to scintillating glass transparent to CherenkovCherenkov

�� Crystal sizes of the order of 2.5Crystal sizes of the order of 2.5××55××5 cm in the EM 5 cm in the EM 

‘‘sectionsection’’ to 10to 10××55××5 cm in the HAD section5 cm in the HAD section

�� All crystals readAll crystals read--out via silicon out via silicon photodetectorsphotodetectors

((hermeticityhermeticity))

�� Crystals glued into fullCrystals glued into full--depth towers depth towers 
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MUD and MUD and CalorimetryCalorimetry

�� Essential for jet reconstruction Essential for jet reconstruction 

�� Measure the momentum of hard particles Measure the momentum of hard particles 

escaping the calorimeterescaping the calorimeter

�� Tail catcher for HCALTail catcher for HCAL

�� Provides continuous calibration via Provides continuous calibration via muonmuon

brehemstralungbrehemstralung



µµµµ+ µµµµ− at 3.5 GeV/c
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Compensation makes 

resolution curves gaussian

e+e-→ qq (q=uds)     @  60, 100, 140, 200, 300, 500 GeV

Entries  570

Mean    59.13

RMS     3.439

 / ndf 2χ  48.75 / 36

Constant  2.02± 36.68 

Mean      0.13± 59.27 

Sigma     0.100± 2.895 

Total Reconstructed Energy (GeV)
40 50 60 70 800

5

10

15

20

25

30

35

40

Entries  570

Mean    59.13

RMS     3.439

 / ndf 2χ  48.75 / 36

Constant  2.02± 36.68 

Mean      0.13± 59.27 

Sigma     0.100± 2.895 

 = 60 GeVs

Entries  976

Mean     99.1

RMS     5.229

 / ndf 2χ  45.69 / 42

Constant  3.13± 75.75 

Mean      0.13± 99.45 

Sigma     0.101± 3.973 

Total Reconstructed Energy (GeV)
50 60 70 80 90 100 110 1200
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20

30

40

50

60

70

80
Entries  976

Mean     99.1

RMS     5.229

 / ndf 2χ  45.69 / 42

Constant  3.13± 75.75 

Mean      0.13± 99.45 

Sigma     0.101± 3.973 

 = 100 GeVs

Entries  731

Mean    139.2

RMS     5.584

 / ndf 2χ  50.65 / 51

Constant  1.96± 40.12 

Mean      0.2± 139.7 

Sigma     0.136± 4.404 

Total Reconstructed Energy (GeV)
100 110 120 130 140 150 160 1700
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35

40

45
Entries  731

Mean    139.2

RMS     5.584

 / ndf 2χ  50.65 / 51

Constant  1.96± 40.12 

Mean      0.2± 139.7 

Sigma     0.136± 4.404 

 = 140 GeVs

Entries  953
Mean      198
RMS     8.136

 / ndf 2χ  81.94 / 73
Constant  1.73± 38.69 
Mean      0.2± 198.8 
Sigma     0.16±  5.53 

Total Reconstructed Energy (GeV)
140 160 180 200 220 2400

10

20

30

40

50 Entries  953
Mean      198
RMS     8.136

 / ndf 2χ  81.94 / 73
Constant  1.73± 38.69 
Mean      0.2± 198.8 
Sigma     0.16±  5.53 

 = 200 GeVs

√s = 60 GeV √s = 100 GeV

√s = 140 GeV √s = 200 GeV
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e+e-→ qq (q=uds)     @  60, 100, 140, 200, 300, 500 GeV

40.640.645.045.0500500

36.736.742.142.1300 300 

34.934.939.639.6200200

32.732.737.937.9140140

34.034.040.140.1100100

32.132.137.537.56060

σ/Ε = σ/Ε = σ/Ε = σ/Ε = σ/Ε = σ/Ε = σ/Ε = σ/Ε = αααααααα////////√√EEσ/σ/σ/σ/σ/σ/σ/σ/E =E = αααααααα////////√√EEEECMCM(GeV(GeV))

Entries  489

Mean    297.3

RMS     10.58

 / ndf 2χ  41.73 / 35

Constant  2.20± 37.14 

Mean      0.4± 298.2 

Sigma     0.267± 7.387 

Total Reconstructed Energy (GeV)
220 240 260 280 300 3200
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20

25

30

35

40

45
Entries  489

Mean    297.3

RMS     10.58

 / ndf 2χ  41.73 / 35

Constant  2.20± 37.14 

Mean      0.4± 298.2 

Sigma     0.267± 7.387 

 = 300 GeVs

Entries  362

Mean    495.7

RMS     17.35

 / ndf 2χ  44.33 / 33

Constant  2.35± 33.61 

Mean      0.6± 498.7 

Sigma     0.420± 9.994 

Total Reconstructed Energy (GeV)
350 400 450 500 5500

5

10

15

20

25

30

35

40 Entries  362

Mean    495.7

RMS     17.35

 / ndf 2χ  44.33 / 33

Constant  2.35± 33.61 

Mean      0.6± 498.7 

Sigma     0.420± 9.994 

 = 500 GeVs
√s = 500 GeV

√s = 300 GeV

σσσσσσσσ rmsrms 9090

(rmsrms 9090 : rms of central 90% of events)



ALCPG07, October 25th 2007ALCPG07, October 25th 2007 Corrado Gatto  Corrado Gatto  -- INFN NapoliINFN Napoli 5858

Di-jet events    e+e-→ qq (q=uds)     @  60, 100, 140, 200, 300, 500 GeV

Entries  1748

Mean    49.57

RMS     4.215

 / ndf 2χ  91.53 / 83
Constant  1.96± 60.54 

Mean      0.09± 49.75 
Sigma     0.075± 3.497 

Jet Reconstructed Energy (GeV)
10 20 30 40 50 60 700
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40

50

60

70
Entries  1748

Mean    49.57

RMS     4.215

 / ndf 2χ  91.53 / 83
Constant  1.96± 60.54 

Mean      0.09± 49.75 
Sigma     0.075± 3.497 

di-jet @ 100 GeV

Entries  962
Mean    29.57
RMS     2.812

 / ndf 2χ  86.09 / 76
Constant  1.4±  29.5 
Mean      0.09± 29.66 
Sigma     0.084± 2.473 

Jet Reconstructed Energy (GeV)
15 20 25 30 35 40 45 500

5

10

15

20

25

30

35

Entries  962
Mean    29.57
RMS     2.812

 / ndf 2χ  86.09 / 76
Constant  1.4±  29.5 
Mean      0.09± 29.66 
Sigma     0.084± 2.473 

di-jet @ 60 GeV

Entries  1350

Mean    69.65

RMS     4.949

 / ndf 2χ  83.48 / 51

Constant  3.41± 91.62 

Mean      0.11± 69.91 

Sigma     0.096± 3.917 

Jet Reconstructed Energy (GeV)
30 40 50 60 70 80 90 1000

20

40

60

80

100
Entries  1350

Mean    69.65

RMS     4.949

 / ndf 2χ  83.48 / 51

Constant  3.41± 91.62 

Mean      0.11± 69.91 

Sigma     0.096± 3.917 

di-jet @ 140 GeV

Entries  1720
Mean    98.98

RMS     7.015
 / ndf 2χ  137.8 / 86

Constant  2.17± 62.64 

Mean      0.14± 99.31 
Sigma     0.131± 5.445 

Jet Reconstructed Energy (GeV)
40 60 80 100 1200

10

20

30

40

50

60

70

80 Entries  1720
Mean    98.98

RMS     7.015
 / ndf 2χ  137.8 / 86

Constant  2.17± 62.64 

Mean      0.14± 99.31 
Sigma     0.131± 5.445 

di-jet @ 200 GeV

2 entries/event

Dijet @ 60 GeV Dijet @ 100 GeV

Dijet @ 200 GeV

2 entries/event

2 entries/event

2 entries/event

Dijet @ 140 GeV
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Di-jet events    e+e-→ qq (q=uds)     @  60, 100, 140, 200, 300, 500 GeV

Entries  904
Mean    148.6
RMS     9.215

 / ndf 2χ  64.39 / 51
Constant  2.30± 49.73 
Mean      0.3± 149.1 
Sigma     0.235± 7.552 

Jet Reconstructed Energy (GeV)
80 100 120 140 160 1800

10

20

30

40

50

60

70
Entries  904
Mean    148.6
RMS     9.215

 / ndf 2χ  64.39 / 51
Constant  2.30± 49.73 
Mean      0.3± 149.1 
Sigma     0.235± 7.552 

di-jet @ 300 GeV

Entries  668

Mean    247.9

RMS     15.43

 / ndf 2χ  112.4 / 81

Constant  1.6±  23.9 

Mean      0.4± 249.2 

Sigma     0.533± 9.385 

Jet Reconstructed Energy (GeV)
120 140 160 180 200 220 240 260 280 3000

5

10

15

20

25

30

Entries  668

Mean    247.9

RMS     15.43

 / ndf 2χ  112.4 / 81

Constant  1.6±  23.9 

Mean      0.4± 249.2 

Sigma     0.533± 9.385 

di-jet @ 500 GeV

2 entries/event

41.041.045.245.2250250

41.341.349.449.4150 150 

37.137.142.642.6100100

38.038.042.342.37070

39.839.845.045.05050

39.939.943.043.03030

σ/σ/σ/σ/σ/σ/σ/σ/E = E = αααααααα////////√√EEσ/Ε = σ/Ε = σ/Ε = σ/Ε = σ/Ε = σ/Ε = σ/Ε = σ/Ε = αααααααα////////√√EEEEjetjet (GeV(GeV))

Di-jet @ 300 GeV

Di-jet @ 500 GeV

2 entries/event

σσσσσσσσ rmsrms 9090

(rms90rms90 : rms of central 90% of events)


