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Technological prototype

-  physics prototype
   TestBeam2009@FNAL

From physics prototype
 to the real calorimeter

Technological prototype
sensor layer with 
embedded electronics 

sensor
electronics
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scintillator ECAL Technological prototype : scecal

sensor = scintillator strip 
and photo-sensor (MPPC) 

embedded electronics =
 EBU : ECAL Base Unit 

Bias supply
amp. ADC/ TDC 
Readout I/F
calibration via LED

ASIC=SPIROC2b

    tungsten 3mm

    tungsten 3mm

    tungsten 3mm

read out ASIC

read out ASIC

read board 2mm

read board 2mm

MPPCMPPC

MPPC MPPC MPPC MPPC MPPC

5mm

scintillator 2mm

scintillator 2mm

side view of scecal

X layer

Y layer

scintillator : 2 x 5 x 45 mm3

MPPC : 1 x 1 mm2 1600pix.
direct coupling without any glue
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actual ScEcal technological prototype 

board is developed by DESY ~ AHCAL

4 SPIROCs on a EBU control 144 = 4 x 36 channels.

-back side of EBU
-  a scintillator covered 
    by reflector film

-  MPPC ladder

EBU

EBU

Power
supply

LED
driver

Detector
interface

4 SPIROC2b chips

scintillators 4 x 36

detector interface board (DIF)
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LED calibration and gain monitoring system

-  EBU has LEDs for each channel
   except on chips or connector

ADC count
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ADCData {ChipID==129&&ChannelNumber==24&&Trigger==13} h_129_24
Entries  10000
Mean    307.2
RMS     39.12

 / ndf 2  34.12 / 46
Prob   0.9022
ampGaus0  3.19± 87.15 
meanGaus0  0.3± 260.9 
sigmaGaus  0.132± 5.865 
ampGaus1  4.1± 126.9 
distanceGaus  0.21± 18.78 
ampGaus2  3.8± 131.8 

ADCData {ChipID==129&&ChannelNumber==24&&Trigger==13}

-  ADC distribution to measure #photon

a EBU
an LED & its hole to a scintillator 

Photo electron peaks are measured by 
LED lights

gain monitored
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results of LED gain monitoring system

no LED equipped 

good 

unavailable

- (#good channels)/(144-32) = 50%.

- There is no channel 
  on ASIC132 measured correctly.

chip 129 chip 130

chip 131chip 132

gain

56
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group photo

cabling
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cabling

2

ScECAL prototype setting

ScECAL setting: done
     Pedestal data taking
Trigger counters: done
PC setting :done
 

Today we will ask:
Security check.
3-6 GeV electron beams

We gave up to use empty EBU 
to test EBU/EBU connection

EBU+ det. trigger

beam

Beam test at DESY Oct-2012 
response to MIPS are measured at DEST st, 26 

10/Oct/2012

700 mm 2430 mm

EBU x/y counters [2x2(cm2)]

collimator 

e
-

det.
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Response to 3GeV electron events

chip 129 chip 130

chip 131chip 132

-  75% channels have succeeded 
   to have good MIP distribution

electrons at the center positions ADC histogram

Tomohisa Ogawa & T.T ECFA LC2013



9

ADC/MIP and #photo-electrons/MIP

-  108 channels out of total 144 ch. (75%).

-  RMS/Means = 19.3% 
   (This is the similar to the case of FNAL physics prototype).

-  seven photo-electron is required for the real calorimeter
to remove thermal noise and keep response for bhabha events

-  mean = 6.5 is near the requirement,
   we need to increase gains for  lower response  channels (2-5 p.e.)

results of beam data 2012
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Shower events

-  EBU + scintillator layer

# of MIPs

-  with physics prototype in 2009

# of layers

# of layers

Putting  absorber plates in front of EBU, we measure the spread of shower.

longitudinal shower profile comparing with the result of physics prototype

3 GeV e- w/ 0.7 X0 absorber. 3 GeV e- w/ 6.4 X0 absorber.

e 
3GeV

EBU scintillator det

tungsten
plate

20

10
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1.  When we use LED mode, for many channels on
     chip131 and 132 ( at DESY only chip 132), 
     signal loss sometimes happen.   
     Once after it happens,  Signal loss is kept in the 
     whole of the cycle 

t0
Entries  10000
Mean    868.8
RMS     118.7
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Entries  10000
Mean    868.8
RMS     118.7

cell Number 14
cell Number 10
cell Number 6
cell Number 2
cell Number 0

ADCData {ChipID==132&&ChannelNumber==20&&Trigger==0}

at Shinshu , retested the LED mode chip129 
works well

chip132

chip129 
works well

chip132 
works well

signal loss

t0
Entries  10000
Mean    578.7
RMS     192.2
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Entries  10000
Mean    578.7
RMS     192.2

cell Number 14
cell Number 10
cell Number 6
cell Number 2
cell Number 0

ADCData {ChipID==132&&ChannelNumber==20&&Trigger==0}

because of
signal loss

-  changing a trigger timing-delay value to become later,
   they work well.(lower picture)
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-  the reasons due to LED frequency dependence

A.  the MPPC bias voltage might decrease 
     when the LED frequency is too high .

C. the SPIROC channel-wise input DACs might be too slow.

B.  the LED bias voltage might drop

ADC

ADC

Ndata 

ADC 

at low frequency  LED mode
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at Shinshu

2.  we took out two lanes of scintillators
     and removed the reflector in front of MPPC,  then they work well.

1.  For a few unseparated channels against MIP signal, 
     we rise MPPC’s bias voltage. they work well.

-  we could not do pre-experiment well to measure
   break down voltage of MPPCs.
   due to this, we set the wrong DAC value to the Labview.

-  when we fixed a scintillator layer 
   by hands, a scintillator layer cought a reflector film.

Bad channels at beam were investigated

due to lower gains

construction fail

Tomohisa Ogawa & T.T ECFA LC2013
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Recovered at Shinshu 2013

still lower biasing at 

-  bias voltage ΔV = +2.5  from break down  

LED calibration results source test results

-  LED calibration result 
97ch/108ch ~90% success -  MIP calibration result  with Sr90 

RI source : 125/144~87%

Sr90

Tomohisa Ogawa & T.T ECFA LC2013



Recovered at Shinshu 2013

hdval
Entries  130

Mean    19.22

RMS     2.075

ADC count
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hdval
Entries  130

Mean    19.22

RMS     2.075

d-value between photon peaks hadcmip_conversionfactor

Entries  130

Mean    103.9

RMS     31.63
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hadcmip_conversionfactor

Entries  130

Mean    103.9

RMS     31.63

ADC/MIP conversion factor

hnphoton_per_mip

Entries  130

Mean    5.325

RMS     1.512

N of photon
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hnphoton_per_mip

Entries  130

Mean    5.325

RMS     1.512

#photon/MIP

N of photon
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#photon/MIP  chip control area

chip129 control area
chip130 control area
chip131 control area
chip132 control area

ADC/MIP

mean 19.2

mean 5.3

RMS/Means = 30.0

result with LED and  Sr90 RI source    ( not include some dead channels )

-  gains are reasonable

-  #photon for MPV is not different
   between control area of ASICs.

LED: BT to Shinshu
Nch: 56 to 130

mean : 20.4 to 19.2

gain

MIP: BT to Shinshu
Nch: 108 to 130
mean : 6.5 to 5.3

Sr90 Sr90

may be due to source Sr90
Tomohisa Ogawa & T.T ECFA LC2013
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Summary and Plan

-  We have tested a technological prototype layer 
   144 channel using electron beam at DESY Oct 2012.

-  We have measured the  MIP peaks in the energy deposit at around 6.5 p.e.
   for 75% of channels.

-  From TB, we have leant much, and  investigated some problems 
 we have solved some of those problems at shinshu university

-  we could measure d-value on LED mode with 97 channels 
   in 108 equipped LED channels. -> 90%
-  we could measure MPV on TestBeam mode with 125 
channels 
   out of 144 channels with Sr90 RI source.  -> 87%
   and the result is MPV of around 5.3 p.e.

Tomohisa Ogawa & T.T ECFA LC2013
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plan and outlook

-  Next test beam is scheduled at  beginning of July, 
   we will test the hybrid ECAL with SiECAL group.

-  synchronized between Sc layers (not trivial)
-  The purpose is 

-  the power pulsing mode

Two layers (x and y type) ScECAL prototype

-  combined with Si-W-ECAL prototype (Hybrid ECAL)  (if possible)

Figure 9: Left: Picture of one layer of the SiW Ecal setup tested in 2012. Right: Experimental
setup at DESY.

wafer read out by four SKIROC ASIC. The very next step is to produce ASUs with four
wafers on, which would then be read out by 16 ASICs. PCBs with the final design have been
ordered in summer 2012 and are available now. The final layout of the calorimeter for a linear
collider detector depends significantly on the success of the PCB manufacturing. It can not be
excluded that the PCBs are also a sizable cost driver of a final detector. Further development
of the front end PCBs is required in order to satisfy the requirements on thickness, planarity
and number of readout channels using unpackaged, encapsulated ASICs. As for the sensors
a close collaboration with industrial partners is needed. An alternative based on ultra-thin
BGA packaging of the ASICs is under study.

Detector slabs for ILD will be up to ∼ 2.5m in length. We plan to make the first long
slab to test that such a long device, with its 10000 readout channels, can be successfully read
out using a single DAQ interface at one end of the slab. Given the tight financial situation
the first test will encompass equipped layers at both extremities of the layer. It is however
expected that these studies will allow already to judge whether these long slabs and readout
chains, can be realised in a reliable way.

The silicon sensors are a major cost driver for the ECAL (which represents a significant
fraction of the total ILD cost). Discussions have started with HPK on developing an under-
standing of the cost drivers for sensor production, and we have a first (unofficial) cost estimate
for an eventual large-scale production. A larger number of silicon detector manufacturers will
be used when a full ECAL is built, preferably some rather “generic” silicon producers, rather
than silicon detector manufacturers. Such “generic” producers are generally more hesitant
to perform an R&D program without the real prospect of a full detector production.

Once a firm estimate of the sensor cost is available (probably not before the decision to
build a linear collider), a cost-performance optimisation will need to be performed. If the cost
of the ECAL as presently envisaged is prohibitively high, it may be necessary to consider an
ECAL with a smaller number of sampling layers (and therefore smaller total silicon area), of
smaller inner radius, or a hybrid design with a combination of layers of silicon sensors and of a
less expensive technology, for example scintillator strips with silicon photomultiplier readout.
Simulation studies of such detector configurations are underway. Further development of links
with silicon sensor manufacturers is essential in order to better understand the eventual cost
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