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LOI, we have so far optimized the detector sizes 
then DBD verified the performances 

Now it is the time to revisit LOI phase
with the view point of cost



Jet Energy Resolution 
n one of the most important parameters to be optimized

n in ILD-LOI, the size was not optimized 

n  
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ECAL option 
n two sensor options for ILD-ECAL

n within the same alveola structure 

n embedded FE electronics

n silicon-pad of pin diode 108 ch.

n square cells

n scintillator strip with PPD 107 ch

n perpendicular strips

n  effective fine segmentation in 2D
5x45mm2  strip

Recal=1850



segmentation
n PFA requires fine segmentation in both 

n lateral and longitudinal directions of particles 

n we have chosen 5x5 mm2 for ECAL 

Detector Optimisation for Particle Flow

Figure 2.2-3b shows the length dependence of the average jet energy resolution for jets

with | cos θqq| < 0.95. When considering all jets, the benefits to particle flow performance in

going beyond a TPC drift length of 2200mm are relatively small. From this study a TPC

drift length of 2200 mm looks reasonable; the benefits of increasing the detector length are

unlikely to justify the additional costs.

2.2.5 ECAL and HCAL Granularity

The dependence of particle flow performance on the transverse segmentation of the ECAL

was studied using versions of the LDCPrime model with silicon pixel sizes of 5 × 5 mm
2
,

10 × 10 mm
2
, 20 × 20 mm

2
, and 30 × 30 mm

2
. The two main clustering parameters in the

PandoraPFA algorithm were re-optimised for each ECAL granularity. The particle flow per-

formance results are summarised in Figure 2.2-4a. For 45 GeV jets the dependence is relatively

weak since the confusion term is not the dominant contribution to the resolution. For higher

energy jets, a significant degradation in performance is observed with increasing pixel size.

Within the context of the current reconstruction, the ECAL transverse segmentation has to

be at least as fine as 10 × 10 mm
2

to meet the ILC jet energy requirement, σE/E < 3.8 %,

for the jet energies relevant at
√

s = 1TeV, with 5× 5 mm
2

being preferred.

A similar study was performed for the HCAL using scintillator tile sizes of 1 × 1 cm
2
,

3× 3 cm
2
, 5× 5 cm

2
, and 10× 10 cm

2
. The particle flow performance results are summarised

in Figure 2.2-4b. From this study, it is concluded that the ILC jet energy resolution goals can

be achieved with an HCAL transverse segmentation of 5× 5 cm
2
, although for higher energy

jets there is a significant gain in going to 3× 3 cm
2
. There appears to be little motivation for

1× 1 cm
2

over 3× 3 cm
2

tiles.

2.2.6 ECAL and HCAL detector technology

The ILD concept incorporates two different technology options for both the ECAL and HCAL.

The two ECAL technologies are: i) a Silicon-Tungsten (SiW) calorimeter where the baseline
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FIGURE 2.2-4. a) the dependence of the jet energy resolution (rms90) on the ECAL transverse segmentation
(Silicon pixel size) in the LDCPrime model. b) the dependence of the jet energy resolution (rms90) on the
HCAL transverse segmentation (scintillator tile size) in the LDCPrime model.
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strip ghost problem
n strip segmentation arise ghost problem
n to escape from ghost, we install tile layers
n JERs are almost the same for 5x5

Kotera

SSA

SSA2

5x45mm2  strip
10x10mm2  tile

Recal=1850

SSA2

JER



tau performance
n a little difference for 250GeV taus 

piO Mass at tau->rho
exactly 2gammas

Double Hybrid

Si ECAL
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energy of b-quarks
for ννH>ννbb

(GeV)

Ecms=250
Ecms=500

Ecms=1000

ILD optimization
n should account for the performance and cost

n optimized for the physics cases such as

n ννH> ννbb most relevant at 50-100GeV

Koter
JER



Ejet between 50-100GeV
n JER is dominated by the intrinsic energy resolution 

MarkT 
IWLC2010

JER



ILD-DBD
n costs for ECALs in table 5.3.4 as 
n difference comes form the sensor cost
Part II 5.3. ILD cost evaluation

Table 5.3.4: Cost table of the electromagnetic calorimeter.

SiECAL ScECAL

Cost

Item [kILCU]

Tungsten 16310

Carbon fiber structure 2130

Silicon sensors 75000

Readout ASIC 16500

Readout Board 21000

Materials 1300

Cables, connectors 2220

Tooling 9300

Assembly 13500

Integration 500

Cost

Item [kILCU]

Tungsten + carbon parts 18500

Module realisation 1700

Scintillators 1030

Photo Detectors 10200

Readout ASIC 2500

Readout Board 25000

Readout System 6200

Cables, connectors 1000

Power supplies 4100

Tooling 3800

Sum SiECAL 157760 Sum ScECAL 74000

and the acceptable leakage current can be relaxed compared to other silicon based

detectors. A further reduction of the price is not excluded.

For the Scintillator based option of the electromagnetic calorimeter the silicon

based photon detectors are a major expense. Quotes have been obtained from in-

dustrial suppliers for the large number of detectors needed for the complete system.

Current small scale production runs result in prices per detector of around 7 EUR,

but it seems realistic to expect that a reduction to a level of 1 EUR/ channel can

be realised. The assembly procedures for the scintillator ECAL are not yet as well

understood as for the Si based ECAL. At the moment no estimate of the assembly

cost for the scintillator planes are included in the cost estimate.

The hadronic calorimeter has been costed in both options, the analogue(AHCAL)

and the semi-digital option (SDHCAL). The main cost items for both versions are

shown in table 5.3.5. For both AHCAL and SDHCAL significant prototypes have

been built, which provide important information for the cost estimate. For the

AHCAL the same cost of 1 EUR/ piece is used for the SiPM as for the ScECAL

version discussed above. More detailed work has been done for both options for the

barrel part of the calorimeter. The cost of the end-caps has been estimated based on

the sensitive area and the total system weight. A significant part of the cost is the

readout boards, which are for both options complex large multi layer printed circuit

boards. The quoted prices are based on several independent quotes and on actual

experience with the prototypes.

In the very forward region three small calorimeter system close the coverage,

LumiCal, BeamCal, and LHCAL. LumiCal and BeamCal have been carefully studied
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what we have to optimize
n physics performance comparison 

n wrt Recal & B field 

n LOI: we have assumed the seize parameters

n DBD: got reasonable performance with them

n TDR (The Detector Realistic): the size and B will 
be optimized by taking into account the cost  in the 
physics  cases, such as LOI bench mark processes



 double checked
n K.Kotera & H.Ueno
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ECAL size by John M.

J. S. Marshall ECAL Simulation Studies

Current Status

!2

• Have now completed investigation of jet energy 
resolution as function of ECAL parameters."

• Complete study by providing basic parameterisation 
of jet energy resolution. Then prepare a publication."

!

• Break resolution down into component parts (energy 
resolution, confusion, …) and parameterise separately."

• Aim to keep parameterisation simple; don’t try to 
reproduce fine details, but provides overall “scalings”."

• Should describe variation of each jet energy 
resolution term as a function of following:"
• Energy"
• ECAL Cell Size"
• ECAL Inner Radius"
• ECAL #Layers"
• Cell Thickness (Sc only)"

• Won’t attempt to describe multiple transverse 
granularity ECALs unless there is demand to do this.

SiW/ScW; 
Transverse Granularity

SiW/ScW; 
ECAL Radius

improved 
JER

at small R


