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issues by Felix
Established performance: energy resolution, linearity, 
uniformity, two particle separation

• Validated simulation: longitudinal and transverse shower 
profiles, response, linearity and resolution, for elec-
trons and hadrons

• Operational experience: dead channels, noise, stability, 
monitoring and calibration

• Scalable technology solutions: power and heat reduction, 
low volume interfaces, data reduction, mechanical 
structures, dead spaces, services and supplies

• Open R&D issues: analysis and R&D to be completed 
before a first pre/production prototype can be built, cost 
reduction and industrialization issues 

2



road to DBD
n hardware historical summary

phase I
2007

phase II
2008/9

Technological 
prototype

2012
ILC

201?

scintillator
molded & 
machined
w WLSF

extruded 
strip 1cm

0.5cm
no fiber

MPPC 1600pix
1mmx1mm N=x4 SMD

electronics separated
SPIROC N=x4 onboard EBU

spiroc2

calibration fiber & LED LED?

we’re
DBD
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n molded scintillator

n costly 

n MPPC 1600 pix.

n developed with HPK

n AHCAL electronics

n spiroc and read board

MPPC

Scinti.  3mm
W  3.5mm

MPPC R/O10cm

10cm

phase I~2007
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phase II ~2008/9
n extruded scintillator by KNU

n improved uniformity 

n MPPC 1600 pix

n 2000 pieces handled

n calibration with clear fiber

n notches
Scinti.  2mm W  3mm

MPC R/O33layers

1cm

2mm
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Tech. Proto. ~2012
n 5mm scintillator

n no WLSF

n MPPC 

n SMD: soldered on FPC

n EBU electronics

n everything on board
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 performance: energy resolution, 
linearity, uniformity, two particle separation
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3 Shower shapes

The shape of electromagnetic showers in the calorimeter were measured, in both
the longitudinal and transverse directions. The first configuration detector was
used, since the effects of strip response nonuniformity was minimised in this con-
figuration. The MIP-equivalent energy deposited in each strip was calculated
using temperature–corrected calibration constants, and corrected for the effects
of optical cross–talk and MPPC saturation. For the measurement of shower
shapes, a cut on the deposited energy per strip was applied at 0.5 MIP equiv-
alents, removing most of the noise contribution to the low energy tails of the
shower profile distributions. Applying this cut on individual strip energies has a
negligible effect on the energy resolution of the whole detector.

3.1 Longitudinal shower shape

The longitudinal energy profiles showing the mean energy deposited per layer in
electron showers at different beam momenta are shown in fig 12. The distributions
were fitted by a function of the form E(t) = Atαe−βt, where t is the longitudinal
position (layer) inside the calorimeter. The maximum of this function occurs at
α/β. The dependence of the shower maximum position on the beam energy is
shown in fig 12, showing the expected logarithmic dependence.
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Figure 12: Longitudinal profiles for events in which the beam hit the centre of
the 1st configuration detector. Left: measured longitudinal energy profiles for the
different beam momenta, together with fitted functions. Right: the dependence
of the fitted shower maximum on the incident beam momentum, and a linear fit
to these points.

3.2 Transverse shower shape

Transverse shower shapes were measured projected onto the X and Y axes (where
X/Y are orientated along the strip axes). Since the calorimeter layers are alter-
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transverse profile (Y)
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Mean     0.79
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Figure 15: Y profile of 3 GeV/c positron showers, integrated over calorimeter
layers.
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Figure 16: Results of fits to the integrated X and Y transverse profiles. The
dependence of the fit parameters on the beam momentum are shown: width
of the fitted Gaussian and exponential contributions, and the energy fraction
contained in the Gaussian part of the distribution. The lower right plot shows
the half-width which contains 90% (95%) of the projected shower energy.
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calibration
n notched clear fiber & LED

MPPC Gain Measured by L E D System
Measuring the gain of MPPC by injecting the light from LED at high  
gain mode. 
MPPC can separate  peaks of p.e. and distance between them gives us 
absolute gain of MPPC.
ADC count  correspond to 1p.e.  is calculated.
Success 1155/2160 ch (81%)

dH of figure is ADC count of 1p.e. corresponding. 11
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simulations
n shinCW absorber

n linearity & resolution

9

leakage.
e+ 26layers 78layers

same 
combination
9x9cm2

27x27cm2

linearity resolution
bigdet

desy

bigdet

desy

5.2% @6GeV

bigdet

 shinCW  shinCW



simulations

n longitudinal

10

profile

leak energy dist.

6GeV for DESY

Nmip

layer #



Experience
n FNAL 2160 channels = 72/layer x 30 layer

n dead channel = 4 (~0.2%) reflector sheet 

n noise RMS ~ small << mip

n stability < a few %/month

n temperature coef. ~6% 

n monitoring : clear fiber 

are only required to have the same lateral position of scintillator ”hit” at least 10 on both
even and odd layers, respectively.

The MIP response for each channel is obtained by fitting a Landau function convoluted
with a gaussian function to the distribution of ADC counts of the charge deposited by
the MIP events. The “ADC/MIP conversion factor” is the most probable value of the
distribution.

2.3 Temperature dependence of the ADC/MIP conversion factors

Figure 3: A temperature dependence of
cMIP
ls and the result of linear fit.

An ADC/MIP conversion factor estimated in 2.2
should be a function as temperature during the
data acquisition. The main temperature correc-
tion for a channel is achieved by using this “tem-
perature function” of ADC/MIP conversion fac-
tor instead of the “constant” of ADC/MIP con-
version factor. In 2009 a total of six MIP runs
are taken at different temperatures ranging for
19◦C to 27◦C. Figure 3 shows a typical behavior
of the ADC/MIP conversion factor for a channel
as a linear function of temperature. Tempera-
ture data were taken every one minute and the
temperature on the horizontal axis on Figure 3
is average of temperature over every events in a
run. The function of ADC/MIP conversion fac-
tor obtained as a result of linear fit in Figure 3
is:

cMIP
ls (T ) = cMIP

ls (T0) +
dcMIP

ls

dT
, (1)

Figure 4: Distribution of dcMIP
ls /dT/cMIP

ls .
Mean is -2.95±0.01%/K and the σ of re-
sult of gaussian fit is 0.405%/K .

where cMIP
ls (T ) is the ADC/MIP conversion fac-

tor for layer l and strip number s as a func-
tion of T , dcMIP

ls /dT is the slope of the func-
tion, and T0 is a fixed temperature for the offset
value of this function.Figure 4 shows the distri-
bution of dcMIP

ls /dT/cMIP
ls (20◦C).Calibration by

using cMIP
ls (T ) with T corresponding to the event

data taking makes temperature correction for
each event for this channel ls.

2.4 Energy spectra

An energy spectrum for an incident beam mo-
mentum is the distribution of the sum of de-
posited charge on channels in a event, which con-
verted into the number of corresponding MIPs

3 LCWS11
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Current activity 
n EBU for integrated layer 

structure
n device study 

n MPPC : timing # of pix.
n 30ps

n scintillator strip  5mm
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hardware open issues 
n scintillator ECAL with strips  DBD point of view

n scintillator strip

n wrapping

n MPPC

n saturation correction

n electronics

n mounting on the FE board : EBU 

n relying upon AHCAL activity13



Relying issues
n upon Silicon ECAL works 

n common parts

• Scalable technology solutions: power and heat 
reduction, low volume interfaces, data reduction, 
mechanical structures, dead spaces, services and 
supplies
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Software un-readiness
n need simulation including 

n non-uniformity

n saturation behavior

n physics performance 

n ILD matter:

n SSA

n Hybrid performance 

open issues
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ECAL post-DBD
establish mass production procedure 

scintillator-ECAL factory

scintillator log strip

scintillator extruder

die

poly-styrene pellet

POPO pellet
cutting machine 

reflector film 

spiroc

read out ASIC
read out PC board

MPPC

spi
roc

spi
roc

spi
roc

spi
roc

ladder unit
1.8mx0.18m

module  unit
0.18mx0.18m

drawer  
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ScECAL toward DBD
n hardware almost ready

n need to demonstrate integration of the 
system in 2012

n software need more effort : ILD matter

n SSA

n Hybrid performance 

n need some more effort to the DBD
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