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Introduction

Requirements for LC EMCAL
• Energy resolution

•

• Linearity
• 1%

• Fine granularity  
• particle flow analysis

%1%15
⊕=

EE
Eσ

Scintillator strip array EMCAL
• Fine granularity
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Calorimeter

Module design for test beam
• 1   20cm   2mm-thick Sci. strip

• effective cell size: 1cm2

• WLS fiber + clear fiber
• 1 layer

• Lead (4mm-thick) 
• X-strips   20 
• Y-strips   20

• Total 24 layers
• 17 X0
• 6 super layers 

• 1 SL = 4 layers
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Test beam

KEK PS Mar 2004
• Unseparated beams (e, pi, mu)
• 1 - 4 GeV

EMCAL on movable stage 
Scintillation counters
Electron-ID with Cherenkov counters
Tracking with drift chambers
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Gain Calibration
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Cuts for MIP events

Inclusive trigger (T1&T2)
All upstream and downstream superlayers of  the target 
should have signals above the pedestals.
• ped + 3        <  p.h.

Signals of all other strips in the same superlayer as the 
target should be consistent with pedestal.
• ped + 5       >  p.h.

pedσ

pedσ
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MIP pulse height

Fit function: asymmetric-gauss

Fit range:
ped+3        < p.h. < mean+3p3

Binning: 5 counts/bin
Constant:

Error:
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Entries  3834
Mean    69.23
RMS      30.2

 / ndf 2χ   31.7 / 28
p0        5.565± 267.5 
p1        1.339± 52.88 
p2        0.876± 18.45 
p3        0.9976± 37.86 
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Relative errors
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Linearity
Energy Resolution
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Cuts for electron events
Electron trigger (T1&T2&C1&C2)
T1, T2
• Consistent with one MIP

Cherenkov
• High enough to separate from pions and muons

MU
• Consistent with pedestal

T1,2 MUCherenkov
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Energy distribution

Fit function: gauss
Fit range: mean
Binning: 0.4MIPs/bin

1 GeV 2 GeV

3 GeV 4 GeV

σ2±
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Systematic uncertainty

Calibration uncertainty
Pedestal uncertainty
PMT gain drift 
Binning of energy distribution
Beam momentum bite
• 0.08%

Uncertainties at 4 GeV (all strips) [%]

systematic
statistical

calibration pedestal gain drift binning

0.04

1.5

energy 0.09 0.04 0.01 0.10

resolution 1.5 0.5 0.5 0.6
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Linearity

Beam Momentum [GeV/c]
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 0.06 MIPs/GeV±all strips : 60.68 

 0.02 MIPs/GeV±Simulation (X strips): 32.78 
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Energy resolution

Beam Momentum [GeV/c]
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 0.12±    = 14.74 stoσX      : 

- 0.00
+ 0.82 = 0.00constσ          

 0.16±    = 14.62 stoσY      : 

- 0.00
+ 1.43 = 0.00constσ          

 0.12±    = 13.10 stoσall     : 

- 0.00
+ 0.72 = 0.00constσ          

Simulation:

 0.07±    = 14.79 stoσX      : 

- 0.00
+ 0.73 = 0.00constσ          

 0.19±    = 14.38 stoσY      : 

- 1.14
+ 1.80 = 1.14constσ          

 0.10±    = 12.63 stoσall     : 

- 0.00
+ 1.08 = 0.00constσ          

Resolution parameters

All strips
• Stochastic: 
• Constant:

Simulation
• + Photo statistics
• + Noise effect    

constant
stochasticE

EE
σσσ

⊕=

%12.010.13 ±
%00.0 72.0

00.0
+
−
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Parameter decomposition

Stochastic term
• sampling fluctuation
• track length fluctuation
• photo statistics

Constant term
• calibration uncertainty
• non-uniformity

Noise effect
• pedestal fluctuation  

->  consistent with zero

noisephototracksamplingE σσσσσ ⊕⊕⊕= at 1GeV
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Parameter decomposition

all strips                 x(y) strips
resolution                                  13.1%                       14.7%

noise effect                                 4.2%                         5.0%
photo statistics 
(9.2pes/MIP) 4.2%                         6.0%

subtracted        and
(                           ) 11.7%                       12.4%

noiseσ photoσ

tracksampling σσ ⊕=

sampling                                                    10.9%

difference = track length fluctuation

4.2%                         6.0%
track length

2/)( yx
track

all
track σσ =
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Summary

Scintillator strip-array EMCAL was tested 
with test beam
• Good linearity

1% level
• Good energy resolution

• stochastic: 
• constant:

Granularity -> next speaker

%12.010.13 ±
%00.0 72.0

00.0
+
−
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