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Abstract

Electron data collected in the 2006 CERN beam test were used to eva-

luate the position and angular resolution of the SiW electromagnetic calo-

rimeter. The angular resolution was evaluated to be (106±2/
√

E(GeV)⊕
0.004±0.001)mrad along x and (100±2/

√
E(GeV)⊕0.014±0.001)mrad in

the y direction. The resolution along the x axis was better than along the y

axis due to the staggering of layers in the x direction. The upper bound on

the position resolution was evaluated after correcting for the calorimeter

cell structure. This limit is due to the contribution of the tracking system

to the position resolution. The results were (15.7± 0.2/E⊕ 0± 0.4/
√

E⊕
1.04± 0.01)mm and (15.3± 0.5/E ⊕ 1.4± 0.6/

√
E ⊕ 0.94± 0.02)mm for

the x and y axis respectively.

1 Introduction1

The CALICE collaboration built several calorimeter prototypes designed for2

the ILC detector requirements. In August and October 2006 three of these3

prototypes were tested at CERN. For the �rst time the Silicon-Tungsten Elec-4

tromagnetic Calorimeter (SiW ECAL) [1], the Analog Hadronic Calorimeter5

(AHCAL) [3] and the Tail Catcher Muon Tracker (TCMT) [4] were exposed6

together to beams. The H6 beam could provide electromagnetic and hadronic7

beams from 6GeV up to 90GeV. For the analysis described in this note, only8

electron runs from 6GeV up to 45GeV were used.9

The energy resolution is often regarded as the most important parameter of10

a calorimeter. However, for a particle �ow optimised calorimeter, the energy11

resolution is not the only relevant parameter. The segmentation plays a central12

role for minimising the �confusion term� of the jet energy resolution since high13
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Figure 1: Con�guration of the CERN test beam in summer 2006. See text for
more details.

segmentation enables better cluster separation. Increased segmentation also im-14

proves the position resolution of each cluster therefore reducing the confusion15

due to a wrong association of clusters to tracks. A good angular resolution16

is required for photon reconstruction so that they could be associated to the17

primary vertex or to electrons undergoing Bremsstrahlung emission. Angular18

resolution is also a key element for reconstructing H → γγ and some beyond19

Standard Model channels. The position and angular resolution are also crucial20

for the reconstruction of π0. Actually the decay angle between the two photons21

is given by the distance between the two clusters assuming the decay at the22

interaction point of π0. A good angular resolution is useful in order to distin-23

guish photons of non-prompt decay from prompt decay, such as K0
S → π0π0. In24

order to validate the particle �ow algorithms used on full detector simulations,25

it is important to study these e�ects in a real calorimeter and if possible to26

determine the required segmentation for the �nal detector design.27

In Section 2 the test beam area is described with a focus on the tracking28

system, used to estimate the particle entry point and angle, and the SiW ECAL.29

Then the electron selection is described in Section 3. The method used to30

evaluate the angular and position resolution is presented in Section 4. Finally31

in Section 5 conclusions are drawn and possible improvements to the analysis32

are described.33

2 Beam test setup34

The beam test was performed at the H6 beam test area [5]. The schematics of35

the beam line in the August 2006 period is shown in Figure 1. The �rst element36

on the beam line was a Cerenkov detector used to reduce the pion contamination37

in the electron beam. The tracking system was composed of three multi-wire38

proportional chambers (MWPC, labelled DC in the �gure) while the trigger was39

de�ned as the coincidence of three scintillators (Sc1, Sc2 and Sc4). Sc3 had a40

20× 20 cm2 hole in the centre and was used to veto the beam halo. The ECAL41
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Figure 2: Structure of the tracking chamber used in the CERN test beams
(from [6]).

Figure 3: The travelling wave is built up by adding up the single inputs in the
delay line (from [6]).

was placed on a movable and turning stage at a distance of 760mm from the42

last tracking chamber. The AHCAL prototype was installed 655mm behind the43

ECAL in order to allow the rotation of the latter. The TCMT prototype was44

installed on the back of the AHCAL prototype. Two 1× 1 m2 scintillators (Mc145

and Mc2) were installed between the TCMT layers and were used as a muon46

trigger.47

The con�guration of the October run was similar. The main di�erence was48

the relocation of the ECAL 57mm in front of the AHCAL leading to a distance49

between the ECAL and the DC1 of approximately 1300mm.50

2.1 Tracking chambers51

The three chambers used to perform the track reconstruction in the CERN test52

beam were provided by CERN. The chambers had a typical �sandwich� structure53

of two cathode planes with a central anode wire-plane (Figure 2). The signal54

of the charged particle was read out by a delay line connected to the cathode55

wire-plane (Figure 3). The induced signal from the cathode wires built up two56
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Figure 4: Schematics of the electromagnetic calorimeter: (a) normal con�gura-
tion and (b) rotated con�guration (from [1]).

waves in the delay line, one in each direction. Subtracting the two times from57

the delay lines, it was possible to reach a resolution ten times better than the58

wire spacing. A second sandwich structure, orthogonal to the �rst, was used59

to measure the impact point in the other direction. Each chamber measured60

the (x,y) impact point thanks to this con�guration. All signals produced in the61

chamber were discriminated before being read by the TDC. The output of the62

TDC was recorded by the DAQ. The active area of the chamber was 64 cm2
63

while the intrinsic resolution was better than 200µm [6].64

2.2 SiW electromagnetic calorimeter65

The design of the electromagnetic calorimeter is driven by two requirements:66

compactness, in order to reduce the radius of the coil, and high segmentation, to67

allow particle �ow reconstruction. Therefore the calorimeter must have a small68

Molière radius (a measure of the lateral spread of an electromagnetic shower)69

and small radiation length (X0, the distance for which an electron travelling in70

the material reduces its energy by a factor e); the �rst requirement allows better71

separation between showers from di�erent particles, while the second makes the72

calorimeter more compact. Tungsten was chosen, having a Molière radius of73

9mm and a X0 of 3.5mm; tungsten is also mechanically strong hence it does74

not require additional material for support. The sensitive material was in the75

form of silicon 1× 1 cm2 pixels built in wafers of 6× 6 pixels with nine wafers76

(3× 3) forming a layer. The silicon thickness was 525µm.77

The prototype calorimeter [1], as shown in Figure 4(a), was divided into three78

sections (green, blue and yellow in the �gure), 10 layers per section, with an79
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Figure 5: Schematics of a slab of the electromagnetic calorimeter; all distances
are in mm.

increasing thickness of tungsten; in the �rst section the thickness was 1.4mm,80

in the second it was 2.8mm and in the last it was 4.2mm. Therefore the81

electromagnetic calorimeter was made of 30 layers for a total of 24X0. The82

separation of the three sections also allowed the rotation of the calorimeter to83

study the e�ect of di�erent impact angles as shown in Figure 4(b).84

To increase the compactness of the calorimeter, each pair of layers was com-85

bined in a �slab�; one of the two tungsten layers was part of the calorimeter86

structure and the two sensitive layers were �xed to the second passive layer to87

form the movable part of the prototype. A schematic of the structure of a slab88

is shown in Figure 5 while an enlarged view of the border region between two89

wafers is shown in Figure 6. The total gap between the active elements was90

about 1.8mm. In order to cover these dead areas, the two sensitive planes in a91

slab were o�set by 2.5mm in the x direction. Furthermore the slabs were o�set92

by 1.3mm in the x direction (Figure 7). The prototype was divided into two93

parts along the y direction for mechanical reasons; the upper part contained a94

2 × 3 matrix of silicon wafers (central slab in Figure 4) while the bottom part95

(bottom slab in Figure 4) was not instrumented in the 2006 beam test.96

The signal in the silicon was read out by a multi-layer printed circuit board97

(PCB) which carried the signal to the very front end electronics. This was98

located outside the detector to reduce dead areas and simplify thermal dissipa-99

tion. Each wafer was read out by two Application Speci�c Integrated Circuits100

(ASICs) that were used to shape the signal. The ASICs were read out by the101

DAQ which was based on customised VME cards, each hosting an FPGA and102

several ADCs. The TDC board used for the tracking system was integrated in103

the DAQ system.104
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Figure 6: Schematics of the region between two wafers; all distances are in mm.

Figure 7: Schematics of the electromagnetic calorimeter (from [1]).
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2.3 Monte Carlo simulation105

The beam line described above was simulated in MOKKA [8], a Geant4 based106

application. The tracking chambers were simulated as a single volume of gas.107

The average of the position of the hits produced in a chamber was digitised using108

Gaussian smearing. The e�ciency of the chamber was simulated according to109

the speci�cation of [6]. For the calorimeter a simple digitisation was applied.110

In order to study the tracking performance, the position and the momentum of111

the simulated particles at the front face of the calorimeter were recorded. All112

elements on the beam line were simulated in order to include the correct amount113

of material in front of the calorimeter. The areas beyond the test beam area114

were not accessible, hence not all the material before the Cerenkov detector was115

simulated. For this reason the amount of multiple Coulomb scattering may be116

slightly underestimated in the simulation.117

3 Electron reconstruction and selection118

The calorimeter position and angular resolutions are measured comparing the119

values obtained by the tracking system and the calorimeter. Supposing the120

tracking resolution much smaller than the calorimeter resolution, the value ob-121

tained in the comparison is the calorimeter resolution. For this reason, the122

tracking reconstruction is needed in addition to the calorimeter reconstruction.123

The run used in this analysis were collected in the August period for the124

energies above 10GeV while the 6 and 10GeV runs were collected in the October125

period.126

3.1 Event reconstruction127

The tracks were reconstructed �tting the three points in both directions and ex-128

trapolated to the front face of the calorimeter. In order to increase the tracking129

resolution, the hits of each chamber were weighted according to the material in130

the beam line to take into account the multiple scattering e�ect. The weighting131

factors were obtained from the Monte Carlo comparing the true impact point in132

the ECAL to the impact point in each chamber. Due to the multiple scattering,133

the closest chamber to the ECAL had a larger correlation than the most distant134

one leading to di�erent weighting factors. Moreover, since the multiple scatte-135

ring e�ect decreases with the energy of the particle, the weighting factors were136

energy dependent. Muon runs were used to align the chambers while the values137

for the time-to-space calibration were obtained from an iterative procedure and138

are compatible with the values measured in 2007, when a dedicated calibration139

was performed.140

Many events had more than one hit per chamber due to noise hits and141

double particle events. Hence the tracking reconstruction algorithm conside-142

red all possible combinations of hits and produced a list of all tracks with a143

χ2 − probability larger than 0.1. The two coordinates x and y were reconstruc-144

ted independently.145
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Cut name Cutting value

Tracking quality χ2 − probability > 0.1
ECAL threshold Cell energy > 0.6 MIP

Energy deposited in ECAL 0.75 < Energy/peak Energy < 1.25
Single shower Energy dependent cut

Table 1: List of cuts applied to the events.

The hits in the electromagnetic calorimeter were obtained using the latest146

version of the reconstruction software which is described in [1] and was used147

in [2]. The standard ECAL 0.6 MIP threshold was used to reject noisy cells.148

3.2 Event selection149

The events were �ltered in order to obtain an almost pure sample of electrons,150

each of them with a good track reconstructed in both directions. Table 1 sum-151

marises all the cuts applied.152

In case more than one track was reconstructed, the one with the highest153

χ2 − probability was selected. Double particle events, for which this cut would154

not be e�ective, were removed with a cut on the total energy deposited in the155

calorimeter which is described later.156

The selection criteria based on the calorimeter hits were similar to those used157

in [2]. In particular the same cut on the total energy deposited in the calorimeter158

was used; the ratio between the deposited energy and the peak energy had to be159

within 0.75 and 1.25 removing most of the pions an all muons, non-interacting160

pions and double particle events.161

Since at low energy the pion contamination is not negligible, for these runs162

the Cerenkov counter was used to further reduce the number of pions in the163

sample considered in the analysis. A typical e�ect of the use of the Cerenkov164

detector cut is shown in Figure 8.165

The other main variable used in the selection was Tmax. The value of this166

variable is the maximum cell threshold at which a cluster can be divided into167

two clusters. If the measured value is larger than an energy dependent threshold168

evaluated using the Monte Carlo, the event is likely to have radiated a photon169

because of the beam line material. More information on this variable can be170

found in [2]. Since the emission and detection of Bremsstrahlung photons in a171

full ILC detector will be very di�erent from the one observed at the test-beam172

due to the magnetic �eld, the events which emitted a photon were removed from173

the sample used in the analysis.174

The e�ciency of these cuts is strongly energy dependent, going from about175

15% at 6GeV to about 40% for 45GeV runs.176
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45GeV electron run.

4 Angular and position resolution177

4.1 De�nition of position and angular resolution178

The calorimeter position was reconstructed using the centre of gravity (COG)179

in x and y from all reconstructed hits in the calorimeter as described by the180

formula:181

X =
∑i=N

i=0 xiEi

Etot
,

where Ei and xi are the energy and the position of the i -th hit, and N is the182

total number of hits above the standard 0.6 MIP threshold. Etot is the total183

energy in the calorimeter. Similarly the angles with respect to the x and y axes184

were calculated using the formulae:185

Φ = atan
(
ŷ

ẑ

)
, θ = atan

(
x̂

ẑ

)
,

with x̂, ŷ and ẑ the eigenvectors of the cluster formed by all the hits [10]. The186

eigenvectors were calculated from the matrix:187

i=N∑
i=0

Ei

 y2
i + z2

i −xiyi −xizi

−xiyi x2
i + z2

i −yizi

−xizi −yizi x2
i + y2

i


where N is the number of hits in the ECAL above threshold while Ei, xi,188

yi and zi are the energy and position of the hits in the calorimeter. These189

de�nitions were used for the data and for the Monte Carlo simulation.190

The di�erence between the COG of the cluster and the extrapolation of the191

track to the centre (in z ) of the cluster was used to evaluate the position re-192

solution of the calorimeter; the same was done for the angles. Figure 9 shows193

two typical distributions used to evaluate the position and the angular resolu-194

tion; the plots were obtained from a 45GeV electron run. The �tting procedure195
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Figure 10: Angular resolution of the calorimeter (continuous line) as evaluated
from the Monte Carlo. The dotted lines are the angular resolution for the
tracking system. Red lines are the resolution along the y direction, blue along
the x direction.

consisted in a �rst �t considering the full range of the distribution. The �t was196

then repeated in the range between −2σ and +2σ until the di�erence between197

the mean in two consecutive �ts was smaller than the error on the mean. For198

each iteration the value of σ used for the range was the one obtained in the199

previous �t. Almost all �ts converged after the �st iteration. The statistical200

error used in the plots presented in the following sections is given by the value201

obtained in the last iteration. However this error is too small as the e�ect of202

changing �tting range added a similar systematic uncertainty.203

The systematic error was evaluated as the di�erence between the resolutions204

obtained using ±1.5σ and ±2.5σ ranges and dividing the result by two.205

4.2 Use of the tracking system206

Given the de�nition of position and angular resolutions, the tracking resolution207

has to be as good as or better than the calorimeter resolution in order to de-208

termine the latter. In order to establish this, the tracking and the calorimeter209

resolutions were estimated using the Monte Carlo described in Section 2.3.210

The di�erence between the x, y, Φ and θ reconstructed by the tracking sys-211

tem and the calorimeter and those obtained from the Monte Carlo information212

at the front face of the calorimeter gave distributions similar to those of Fi-213

gure 9. The standard deviation of these distributions as a function of the beam214

energy are shown in Figures 10 and 11 for the angular and position resolutions215

respectively.216
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The dotted line is the contribution to the tracking resolution from the multiple
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Figure 10 shows that the angular resolution of the tracking system was smal-217

ler than 1mrad, while the calorimeter angular resolution was always larger than218

20mrad. Therefore the requirement of having a small contribution from the219

tracking system was satis�ed.220

For the position resolution the situation was more complicated. In fact the221

tracking resolution was larger than the calorimeter resolution for energies below222

20GeV. The tracking resolution shown in Figure 11 was evaluated assuming223

perfect reconstruction in the tracking chambers. This is an estimation of the224

multiple Coulomb scattering since any contribution from the intrinsic chamber225

resolution was excluded. The e�ect of the intrinsic chamber resolution is shown226

by the horizontal black line and corresponds to about 0.3mm. This was obtained227

assuming a resolution of 0.2mm in all chambers for the October period beam228

line. The same contribution for the August period was estimated to be about229

0.25mm. For the calorimeter position, the corrections described in Section 4.4.1230

were applied.231

Above 30GeV, the tracking resolution was dominated by the intrinsic reso-232

lution of the chambers and at such high momenta the multiple scattering should233

not a�ect the tracking resolution.234
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Figure 12: Angular resolution as a function of the beam energy. In red the
resolution along the y axis, in blue along x. The lines are the result of the �t
obtained using Equation 2.

4.3 Angular resolution235

Figure 12 shows the angular resolution of the SiW electromagnetic calorimeter236

as a function of the beam energy. The error on the beam momentum is obtained237

from238

∆Ebeam

Ebeam
=

0.12
Ebeam

⊕ 0.1% (1)

which was obtained in [2]. The error on the resolution shown for each run is the239

error evaluated in Section 4.1.240

According to the literature [7], the angular resolution can be �t using the241

function242

p0⊕ p1√
Ebeam

(2)

where p1 is the stochastic term of the angular resolution and p0 is the243

constant term which is due to geometrical reasons. The results obtained from244

the �ts are:245

(106± 2/
√
E ⊕ 0.004± 0.001) mrad along x ,

246

(100± 2/
√
E ⊕ 0.014± 0.001) mrad along y .

247

From the �ts it is clear that the smaller dimension of the calorimeter along248

y and the fact that the layers were staggered only on x lead to a better angular249

resolution for the latter direction, especially at high energy.250
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Figure 13: Position residuals and tracking resolution as a function of the beam
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Carlo summing in quadrature the multiple scattering term and the constant
term showed in Figure 11. In red the resolution along the y axis, in blue along
x. The lines �tting the data are the result obtained using Equation 3.

4.4 Position resolution251

Since the contribution of the tracking system to the position resolution at low252

energy is large, another term was considered with respect to Equation 2, leading253

to254

p0⊕ p1√
Ebeam

⊕ p2
Ebeam

(3)

The p2 parameter describes the expected tracking resolution while p1 and255

p0 have the usual meaning of stochastic and constant terms respectively. This256

formula is suggested by the literature in case of low resolution from the tracking257

system [7].258

Figure 13 shows the position resolution along the two axes as a function259

of the beam energy. The errors on the energy are the sum in quadrature of260

systematic and statistical errors as described in Section 4.1. The resolutions261

obtained from the �ts are:262

(14.8± 0.9/E ⊕ 3.9± 0.5/
√
E ⊕ 1.33± 0.04) mm along x ,

263

(16.4± 0.5/E ⊕ 2.1± 0.5/
√
E ⊕ 1.03± 0.02) mm along y .

4.4.1 The S-curve correction264

In order to improve the results presented in Section 4.4, it is important to265

correct the distortions due to the 1 × 1 cm2 cell structure of the calorimeter.266
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Figure 14: Pro�le plots of the reconstructed impact position using the calorime-
ter and the tracking system. Projection along the x axis on the left and along
the y axis on the right. The staggering on the x axis reduces the S-curve e�ect.

The quantisation of the position measurement of each energy deposit results in267

a distortion of the centre of gravity measurement of a cluster. This distortion268

follows an S-shaped curve across each cell. A detailed description of this e�ect269

can be found in [7]. The e�ect can be corrected using a periodic function.270

However, the cell structure of the calorimeter was not homogeneous due to the271

gaps between the wafers as shown in Figure 6; this required a special treatment272

for the gap region.273

Figure 14 shows resolution as a function of the impact position for both274

directions for a 45GeV data run. It is possible to see a signi�cant di�erence275

between the two plots caused by the di�erent staggering as described in Sec-276

tion 2.2. Along the y axis the periodical calorimeter structure is clearly visible;277

actually the points were �tted with three di�erent functions, two for the wafers278

(left and right �ts) and the one for inter-wafer area (middle). Along x no per-279

iodical pattern is visible and only in the very centre of the wafer it was possible280

to apply a small correction however the residual remains smaller than along y.281

Since the S-curve e�ect depended on the beam energy, each run was �tted in-282

dependently. In Figure 15 is shown the comparison of the �ts obtained in three283

di�erent runs at the same energy; the �ts are stable and the variation are much284

smaller than the calorimeter resolution.285

Using the information from the �t it was possible to correct the calorimeter286

reconstructed point and improve the resolution. The position resolution of the287

calorimeter after this correction is shown in Figure 16. The resolutions obtained288

from the �ts are:289

(15.7± 0.2/E ⊕ 0± 0.4/
√
E ⊕ 1.04± 0.01) mm along x ,

290

(15.3± 0.5/E ⊕ 1.4± 0.6/
√
E ⊕ 0.94± 0.02) mm along y .

After applying the S-curve corrections, the results along the directions are291

improved, especially the constant term along the y axis were the S-curve e�ect292

was more evident. Moreover the contribution of the tracking system was com-293

patible along the two directions as it is expected. The di�erence between the294
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Figure 16: Position resolution as function of the beam energy after applying the
S-curve correction presented in Section 4.4.1. In red the resolution along the y

axis, in blue along the x axis. The tracking resolution obtained from the Monte
Carlo is the sum in quadrature of the multiple scattering term and the constant
term presented in Figure 11. The lines �tting the data are the result obtained
using Equation 3.
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two points at 6GeV along the y axis is due to a di�erent quality of the S-curve295

correction.296

It is important to stress the fact that this is not the actual calorimeter297

resolution but a combination of the calorimeter and tracking resolutions. In298

order to obtain the actual calorimeter resolution, the tracking resolution should299

be subtracted from the values obtained above. However there is no independent300

system which would allow to measure the tracking resolution, hence it has to301

be obtained from the Monte Carlo. The detailed study of the simulation is302

therefore needed to complete this analysis.303

5 Conclusion304

In the analysis described in this note the angular and position resolution of the305

SiW electromagnetic calorimeter were measured using the tracking system for306

both axes.307

The angular resolution of the calorimeter is limited by the very small dimen-308

sions of the calorimeter since it is expected to depend on the lever arm between309

the �rst and last layer, with signi�cant number of hits, of the calorimeter. Due310

to the small radiation length of the tungsten, the calorimeter is very compact.311

The position resolution is very dependent on the S-curve correction. This312

correction was easily implemented for the y axis but was di�cult for the x axis313

because of the staggering. However the staggering allowed an overall better314

position resolution. For this reason it is strongly suggested to have some stag-315

gering for both directions in the �nal detector design although this might be316

di�cult to implement for mechanical reasons.317

The position resolution is well within the requirements from the most advan-318

ced particle �ow algorithm (PandoraPFA [9]) which has a standard requirement319

of 1 cm to associate a track to a cluster, much larger than the resolution achieved320

by the prototype at all energies. Considering that the ILC detector will have321

0.5 × 0.5 cm2 cells, it should be expected that the position resolution could be322

further improved.323

The next step of the analysis is to repeat the same analysis on the Monte324

Carlo in order to validate the tracking system contribution. As described in325

Section 4.2, the value obtained for the position resolution is actually the sum of326

the tracking and the calorimeter resolutions. In order to measure the calorimeter327

resolution the tracking resolution should be subtracted from the all resolution328

values used in the analysis. However the tracking system contribution can only329

be evaluated by the Monte Carlo which has to be validated in the �rst place.330

References331

[1] CALICE Collaboration, �Design and Electronics Commissioning of the332

Physics Prototype of a Si-W Electromagnetic Calorimeter for the Inter-333

national Linear Collider�, 2008_JINST_3_P08001.334

17



[2] CALICE Collaboration, �Response of the CALICE Si-W Electromagnetic335

Calorimeter Physics Prototype to Electrons�, NIM A608 (2009) 372.336

[3] CALICE Collaboration, �CALICE Report to the Calorimeter R&D Review337

Panel� ILC-DET-2007-024, Jul 2007, e-Print: arXiv:0707.1245.338

[4] D. Chakraborty, "The Tail-Catcher/Muon Tracker for the CALICE339

Test Beam", in the Proceedings of 2005 International Linear Col-340

lider Workshop (LCWS 2005), Stanford, California, March 2005,341

http://www.slac.stanford.edu/econf/C050318/papers/0919.PDF.342

[5] �Short introduction to the use of the H6 area�, http://ab-div-atb-343

ea.web.cern.ch/ab-div-atb-ea/BeamsAndAreas/h6/H6manual.pdf.344

[6] J. Spanggaard, �Delay wire chambers, a user guide�, SL-Note-98-023 (BI).345

[7] R. Wigmans, �Calorimetry�, Clarendon Press, Oxford, 2000.346

[8] http://polywww.in2p3.fr:8081/MOKKA.347

[9] M. Thomson, �Particle Flow Calorimetry at ILC�, arXiv:physics/0607261.348

[10] MarlinUtil, ClusterShapes class. �http://www-zeuthen.desy.de/lc-cgi-349

bin/cvsweb.cgi/MarlinUtil/src/ClusterShapes.cc?cvsroot=marlinreco".350

18


