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scintillator HCAL option 1: 
neutron detection

• scintillator contains Hydrogen = neutron sensitive
(gas is insensitive) Z
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scintillator HCAL option 1: 
neutron detection

• timing info. helps us to separate neutrons
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scintillator HCAL option 1: 
neutron detection

• lateral shower profile due to neutrons
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scintillator HCAL option 1: 
neutron detection

• energy measurement (4GeV pion)
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need good electronics



scintillator HCAL option 1: 
neutron detection

• with different GEANT4 modelsLHEP QGSP LHEP＿BIC＿HP
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scintillator HCAL option 1: 
neutron detection

• Hadron Interaction models
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scintillator HCAL option 1: 
neutron detection
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scintillator HCAL option 1: 
neutron detection
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scintillator HCAL option 2:

 Lead absorber 
• compare with Iron :1000 events overlapped
Pb/Sci

Fe/Sci

Lead

Iron

w/o time info.

Pb/Sci

Fe/Sci

<5ns

<5ns
with time info.

Iron

Lead

ItohCALICE@Kobe May07 TT



scintillator HCAL option 2:

 Lead absorber 
• Lateral shower profile
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scintillator HCAL option 2:

 Lead absorber 
• Compensation is achieved only with Lead
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scintillator HCAL option 3:

 strip scintillator

13

Z->qq(uds) Ecm=350GeVZ->qq(uds) 

Ecm=91.2GeV

RMS=2.36 (GeV)

RMS=2.40 (GeV)
15x15cm

1x1cm RMS=5.34 (GeV)

RMS=6.42 (GeV)15x15cm

1x1cm

Jet energy distribution 

perfect cheated 
PFA

scintillator HCAL option 3:

 strip scintillator
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Z->qq(uds) Ecm=350GeVZ->qq(uds) 

Ecm=91.2GeV

Resolution worse because of
cluster overlapping inside of cells

No segmentation effects found

scintillator HCAL option 3:

 strip scintillator
Cheated PFA jet resolution 
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e+e-->Z->qq(uds) Ecm=91.2GeV

1x1(cm)     : 32.1±0.4%
10x10(cm) : 35.4±0.5%

e+e-->Z->qq(uds) Ecm=350GeV

Over 60% even
though 1x1(cm)

scintillator HCAL option 3:

 strip scintillator
GLD-Realistic PF performance

Same PFA scheme applied to cell/strip calorimeter, no strip clustering!
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scintillator HCAL option 3:

 strip scintillator
Zh->ννh, 350GeV
Higgs mass plot

Mh=118.8 GeV

σ = 3.52 GeV

Cheated PFA GLD-realistic PFA 

EM:1x1, HD:1x1 EM:4x4, HD:4x4 EM:10x10, HD:10x10

Mh=112.1 GeV

σ = 7.0 GeV

Mh=121 GeV

σ = 11.8 GeV

Mh=133 GeV

σ = 19.0 GeV

need more effort 
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summary and outlook
• neutron detection is one of the scintillator 

feature

• by time info, we can eliminate/count

• need  electronics with timing

• need test beam data to work with MC 

• Compensation may help us with Lead abs.

• more effort on PFA 

• perfect PFA require 6cm long strip

CALICE@Kobe May07 TT



Longitudinal shower 
profile with absorber
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compare with the data
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