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1 Introduction 

In this pa.per we will explore a more recent idea to define electrons, using a rel­
atively thin, finely-segmented section placed at the front of the calorimetry to 
sample the very beginning of the electromagnetic shower. Such "Pre-Shower" 
or "Pre-Radiator" detectors promise many features not nonna.lly associated 
with calorimetry. A thin readout layer at the very front of the detector will 
locate charged part.ides. Energy deposit t.owards the rear of a. pre-shower de­
tector wit.11 no such charged part.ide at t.lte beginning indicates the beginnings 
of a photon shower, tagging photons. The fine spatial resolution promises to 
he a powerful tool in identifying the ir0 to 2 -y background t.o single photon 
showers. We intend to study this aspect of phot.on iclent.ification. 

The pre-radiator also adds a. stage of electron/hadron discrimination. 
While not completely independent of that from the calorimetry, this discrim­
ination improves t.11e tagging for electrons, another very important signature 
for rare events signifying new, interesting physics. In the case of a. central 
magnetic field a. pre-radiator pin-points the trajectory at the calorimeter, 
giving improved momentum resolution. 

The readout material for a. pre-radiator should combine several properties. 

• It should be thin for compactness. 

• It should be easily segmented into a. geometry that gives accurate space 
information. 

• Charge collection should be very fa.st to a.id in triggering 

Silicon is an obvious choice. It is a. standard technology that is compact., 
easily segmented int.o pa.els or strips, is very fa.st, is radial.ion resist.ant, and 
operates well in strong magnetic fields. 

The ability of such a pre-shower detector to discriminate between purely 
elect.romagnet.ic particles and hadrons is less obvious. The very beginning of 
a shower for either type of particles is subject to large fluctuations. Analysis 
of the use of such a. device requires the best of Monte Carlos. The purpose of 
this paper is to argue that the GEANT /GHEISHA Mont.e Carlo package is 
suit.able for this problem, and to apply t.!1e GEANT Monte Carlo to answer 
the following questions for silicon preshower detectors: 
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• How well can longitudinal information in pre-shower detector discrim­
inate electrons from pions? 

• Can the radial information in the shower be used to improve elec­
tron/hadron discrimination? 

2 Comparison to Available Data 

The Monte Carlo used here is GEANT 3.14/0i. This package was modified 
from t.he previous versions to conect for multiple scattering at very low 
energies. GEANT also contains the hadron shower monte carlo GHEISHA, 
which was used here to generate the pion showers. 

One may object that since EGS4 has been widely used as a default in 
describing electromagnetic showers, it should be used here. EGS4 relies on 
output tables from PEGS for calculating energy loss mean free paths. The 
normal tables supplied with EGS4 do not have the dynamic range of particle 
tracking energies to be used in addressing SSC calorimetry questions. One 
must. re-run PEGS, taking the upper t.racking energies to be above the initial 
particle energies as they enter the calol'imeter, and the lower energies to 
be in the 10-100 keV region to describe the tails of a calorimetry shower. 
One quickly discovers that, even if CPU time is a negligible considerat.ion, 
the size of t.11e out.put file increases rapidly as the lower limit to the tracking 
energy is reduced. CPU time is not a negligible consideration though. Proper 
handling of thin silicon detectors in high energy calorimetry indicates the use 
of PRESTA, a step-size algorithm in EGS4 that is CPU time int.ensive [13). If 
GEANT can be shown to be accurate in this reahu, we consider it preferable. 

There are many measurements of various silicon calorimeters [4) [6) [i) [8) 
[9) [10) [11). Our goal first was to check t.11e Monte Carlo in describing this 
currently available data. 

The data of Barbiellini et al. (6) was taken with a Silicon/Tungsten 
calorimeter, with electron energies ranging from 4 to 49 Ge V. The silicon 
depletion depth was checked in a 100 GeV proton beam at the SPS. The 
average depletion depth of 200 µms, with a mean variation of 5.8 µms. The 
actual thickness of the silicon ranged from 220 to 300 µms. The sampling was 
every 2 radiation lengths (Xo) of Tungsten. The indh;dual silicon detectors 
and their associated electronics were calibrated by exposing them to au Am241 
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alpha souce, a distance of 4.5 ± O.l 1mn away from the junction. The average 
alpha energy is given as 5.08 ± 0.11 MeV. During operation of the calorimeter 
(a few months) t.11e constancy of the energy response was provided by setting 
the applied reverse bias to that necessary to maintain a 200 µm depletion. 
The peak positions of the pulse height distributions had the same value 
within measurement errors of a few percent. The trigger limited the electron 
beam width to 5mm, and a .25 cm2 silicon detector limited multiple part.ides 
entering the calorimeter in the beam region. 

In the Barbiellini paper, it is connnented that at the lowest energies of 4 
and 9 Ge V, the ADC resolut.ion and the ADC pedestal variations contribute 
substantially to the errors on the energy resolution. In addition, they say 
that at large energies the stability of their adjustable amplifiers dominates 
the error. Therefore we apply the Monte Carlo to the intermediate energy, 
16 Gev. Figure 1 shows the data with the GEANT Monte Carlo. GEANT 
falls too low to be satisfactory. 

GEANT was looked at in detail for possible problems. It was found that. 
GEANT uses parameterizations for the ionisation loss parameters. The den­
sity effect parameters in particular differ significantly from those published 
by St.ernheimer, Berger and Seltzer [17] especially for very low energy elec­
trons. These differences are too small to account for the large discrepancy in 
comparing to the Barbiellini paper, but must be considered. GEANT takes 
aU materials to be insulators and applies no density effect at very low en­
ergies, whereas Stemheimer et al. have a different category of parameters 
for conductors. By directly incorporating the Sternheimer et al. parameters 
into GEANT for the absorbers discussed in the rest of this paper, we find for 
the Barbiellini data the curve also shown in Figure 1. This still falls too low 
to describe the data. 

The shape and size of an electromagnetic shower is dominated by the 
shape and size of the differential bremsstrahlung cross section. We note 
that. small variations of this cross section in GEANT for the absorber in the 
Barbiellini data allowed mucl1 larger visible energy deposit in the Silicon. 
GEANT however bases its bremsstrahlung cross sections up to 10 GeV on 
the extensive compilation of Seltzer and Berger [15] [16], that have compared 
very well to many measuremeut.s of bremsstral1lu11g over a wicle range of 
incident electron and result.ing photon energies. Their sunuuary combines 
much recent work, and interpolates between data below 2 Me V and the high 
energy theories above 50 MeV. Beyond 10 GeV the screened Bethe lleitler 
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differential cross section can be used. Instead of coutinui11g with detailed 
studies 011 the internal workings of GEANT, we turn our attention to cross 
checks against other data.. 

A basic check that can be made is to determi11e the energy deposited in 
thi11 silico11 by low energy electrons. This is well measured in an earlier paper 
[14) and was used by Li11dstroe111 et al. (1) to evaluate EGS4 and by I. Fedder 
et al. [2) t.o note the deficiencies of GEANT 3.13. These are shown in Figure 
2, along with our results from EGS4, and in Figure 3 with the results from 
GEANT 3.14. the GEANT simulation here rises later than the data, but 
the data includes energy resolution smearing. The filial bins also have the 
prnblem of energy smearing for the data but not for the Monte Carlo. The 
int.egrated data, removing the energy smeari11g, ii1 these last bins an10unt to 
almost 4%, For GEANT the mean energy deposit is fou11d to be 305 keV. 
The value of the most probable energy deposit is in all cases overestimated, 
but. in spite of the problem in the shape of the energy deposit curve the mean 
deposit is fairly well described by GEANT. 

Lindstroem et al. [1) reported a mean energy deposit of 304 ke V for 
t.his same data. They also performed an EGS Monte Carlo that gave results 
close to this mean. Note especially the 'bump' in the data 11ear 700 keV. 
Seltzer and Berger attributed this to a gold foil that was used to reduce 
beam intensity. This foil produced inelastically scat.t.ered electrons from the 
1 Me V electron beam. Because there is no such effect in the Monte Carlo, 
we have smoothed this bump in the data, and found a lower mean energy 
deposit of 284 ke V. This suggests that the inelastic peak was not. removed 
by Lindstrom et al.. Based on these findings, there is no indication of an 
appreciable under-estimation of the energy deposit by low energy ionizing 
part.ides in the silicon that would account for the discrepancy between the 
Barbellini data and our Monte Carlo. 

We also compared t.he Monte Carlo t.o the data of Nakan1ot.o et al. (4) 
taken with incoming electrons between 500 MeV and 4.5 GeV. The calorime­
t.er consisted of 14 Lit.hium-drifted silicon detectors, and 18 Tungsten plat.es. 
Each silicon detector was "about" lmm effective thickness. These were 
placed every radiation length of Tungsten up to 10 Xo, and then the spac­
ings become prngressively larger. The calibration of energy deposited in each 
Si(Li) detector was made by a test pulser, which in turn was calibrated by 
976 ke V electrons from a Bi207 source. The deposited energy in each Si( Li) 
det.ector was normalized so as to correspond to tltat in lmm of Silicon. The 

5 



incident beam is limited to 4mm in diameter by the use of two small 1.5mm 
thick x 4nm1 diameter Si( Li) detectors used in coincidence. 

We compared the Monte Carlo to the highest energy that the Nakamoto 
group presents data for, 4.5 GeV. Figure 4 shows the results. There is no 
data gh·en for the beginning of the shower at this energy in the Nakamoto 
et al. paper, but the peak is reasonably described by the GEANT Monte 
Carlo. 

Continuing the search for a possible explanation of the previous discrep­
ancy we considered the possibility of energy deposition from upstream inter­
actions. For the Barbiellini data the vetoing against upstream interact.ions 
was apparently limited to the 5mm area containing the beam. By including 
the upstream detectors and the usual windows, described by Barbiellini et al. 
as being present. in their beamline and generously estimated at ~ 11 % Xo, our 
GEANT Monte Carlo still produces little improvement in agreement with the 
data. The Nakamoto group makes no mention of vetoing against upstream 
interact.ions and shows no such vetoing in the experimental arrangement. 

The last data set used here for comparison is that of Bormann et al. [10], 
taken with two Silicon/Lead Calorimeters for electron energies between 1 and 
6 GeV. The silicon was individually measured, with an average thickness of 
260 1nus, although each wafer was individually corrected for thickness in the 
analysis. The wafers were operated fully depleted. The sampling was every 
1.0i Xo of Lead. One calorimeter, calorimeter A, was smaller in diameter 
(3.2cm). According to the authors, this calorimeter's response included "ap­
preciable influence" of airgaps. The second calorimeter, B, was larger with 
a diamet.er of 6.68cm. The preamps were individually calibrated with a high 
precision test pulser, itself calibrated in vacuum with a Cm244 alpha source 
(alpha energy 5.805 Me V) [9]. The effect. of the additional capacitance of 
t.he test detect.or in the vacuum chamber was accounted for. Pulse height. 
calibrat.ions of the syst.em were performed in small steps to conect for re­
maining non-linearities. A overall accuracy of 0.3 3 is estimated for the 
energ~r calibration. An additional pedestal was used to put the pulseheight. 
into the most linear region of the ADC's. The response of each channel was 
corrected individually offiine. The trigger limited the electron beam to a 
widt.11 of 5mm. A large beam scintillator with a central hole was operated in 
anti-coincidence, to reject multiple particles entering the calorimeter. 

These dat.a are shown in Figure 5, for the t.wo calorimet.ers, for 4 GeV 
incident electrons. It is surprising that. the response of calorimeter A is so 

6 



much lower than that of calorimeter B. The authors note that the ratio 
expected on the basis of the Moliere ra.clii ratios is 0.95, very different from 
the discrepency shown in the figure. Also shown in Figure 5 is their Monte 
Carlo results for calorimeter A. This Monte Carlo was based on the work 
of Rogers and presuma.bly uses a multiple scattering fix (5]. The agreement 
is apparently very good. Figure 6 shows the data of calorimeters A and B 
compared to our GEANT Monte Carlo. As anticipated from the Moliere 
radii comparison, the GEANT simulation predicts similar responses for the 
two ca.Iorimet.ers. This is not observed in the data. We suspected that the 
reason that calorimeter A measures only 'i0% as much energy as calorimeter 
B is not because of lateral leakage (they correctly note that from the Moliere 
radii the ratio should be 95 %), but because of the very non-negligible effects 
of air gaps in a narrow stack such as calorimeter A. 

The presence of gaps between the absorber and the readout in the thin 
calorimeter allows lateral leakage that makes a large difference on . the re­
sponse and could easily describe the discrepancy seen with the GEANT 
Monte Carlo. In Fig. 7 we include a range of air gaps in the simulation 
of calorimeter A. GEANT describes both the calorimeter B and calorimeter 
A data well for a plausible choice of air gap size in A. This comparison calls 
into quest.ion the alleged success of the EGS simulation of calorimeter A. 

To gauge the sensitivity of GEANT to the tracking cutoffs, the lower limit 
of the tracking cuts were changed to an intermediate value of 150 ke V for t.l1e 
electrons, and 100 ke V for the gannnas. Figure 'i shows the results for the 
calorimeter B data, considered the simplest to describe. Our GEANT Monte 
Carlo does not change very much from the previous values. We have chosen 
initial Monte Carlo simulation parameters in a region where the results are 
insensiti-.:e to small changes in them. 

This last. data set of Bormam1 et al. can be distinguished from the pre­
vious calorimet.er studies in that there was a large upstream veto counter 
(though it isn't stated how large). The energy calibration was done with 
alpha particles in a vacuum, rather than alphas with some small air gap or 
with betas. The monitoring of the calibration is done very carefnlly in the 
Bormann data. Given the quality of the prncedure, we take the agreement 
with the Bormann set as indicative of the performance of the GEANT Monte 
Carlo. Though the Nakamoto group does not mention such a veto count.er 
the data also mat.ch the GEANT Monte Carlo reasonably well. 

We have shown that wit.It the GEANT Monte Carlo that we can accu-
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rately describe the shower shape in a Silicon sampling calorimeter. The most 
important part of the shower descript.ion for our purposes is of course the 
very beginning : how accurately does the Monte Carlo simulation describe 
the visible energy in the first few radiation lengths of absorber? Discrepan­
cies in the ta.ii of the shower are not important for a preradiator. GEANT 
does well in describing the energy sampling in the first two radiat.iuu lengths 
in the Bom1ann et al. calorimeter B data. It also does very well in describ­
ing the tail. Extrapolations to such large energies as 100 GeV particles is 
of course problematic. The brenunst.rahlung cross section becomes bet.ter 
known as one goes up in energy. For very high energies, GEANT also uses 
the Midgal corrections. For all these reasons we believe that GEANT 3.14 
is a good choice for modelling a pre-shower detector in high energy colliders, 
and that its results are a good represent.at.ion of the detector response. 

3 Pre-Shower Radiator Studies 

3.1 Single Layer e/7r discrhnination 

The preshower det.ectors were modelled as sheets of Lead, wit.11 300 µm sil­
icon wafers interspersed. The first Lead sheet was 1 Xo followed by 1/2 Xo 
sheets up to 3.5 Xo total. Electrons and pions were separately generated -
each energy simulated includes 500 electrons and 5000 pions. For analysis 
purposes the silicon wafers were segmented into pads of dimensions lmm x 
lmm, 3 x 3, 5 x 5, 9 x 9, 19 x 19, and 29mm x 29 mm. The total en­
ergy deposit in the entire plane was also saved. The energy deposit in the 
wafers was separately stored as if the wafers were segmented into infinit.ely 
long strips, of the same transverse dimensions. The rejection of pious versus 
electrons was studied using cuts on the total energy deposit for each wafer 
and for each segmentation. The rejection was also studied by exploiting the 
longih1cli11al and lateral differences in lept.on/hadron showers to im1Jrove t.11e 
pion reject.ion. A prime consideration in choosing cuts here is that they be 
simple enough to implement in a fast hardware trigger. 

A simple cut. is the total energy deposit in one depth plane of silicon, aft.er 
t.11e absorber. Figures 8-11 show t.11e effect on the pion efficiency versus ab­
sorber thickness before the sampling layer for particle energies of 10, 50, 100 
and 500 GeV. All efficiencies shown here at. normalized to 1. Only t.lte energy 
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deposition in a single layer is considered. Correlation effect.s are considered 
later. The energy deposit cut at each depth is chosen to retain 90% of the 
incident electrons. A thin preradiator near 1 Xo total shows discrimination 
only at the higher energies. For thicker lead sheets the pion efficiency can be 
reduced below 1 % using small pads. If the energy in the entire silicon plane is 
sunuuecl, the pion efficiency plateaus at 73. This indicates that some spatial 
segmentation is important. 

Segment.at.ion in pads, while expected to give the best pion reject.ion, is 
also expensive to implement. Figures 12-15 show the same pion efficiency 
curves derived from a total energy cut as a function of absorber depth for au 
infinitely-long-strip geometry. Note that the results are worse than the cor­
responding pad geometry results by a factor of 2 or so for all configurations. 
Nevertheless very good rejections are still attained. A single layer of 1 mm 
strips gives pion rejections near 1 in 200 for absorber depths of 3 radiation 
lengths. 

3.2 Inter-Shower Correlation Studies 

The electron and pion showers show different correlations in longitudinal 
information as well as lateral information that may be exploited in some 
simple way to improve the electron signal to pion noise. In the longitudinal 
dimension one might expect that pious which deposit a substantial amount. 
of energy in one plane may have undergone a recent interaction, since these 
depths are small compared to the interaction length. We chose to model a 
likely geomet.ry, using lnuu strips again assumed to be infinitely long. One 
strip plane (X) is placed after the full absorber (3 X0 ). The other plane (Y) 
lies at some arbitrary depth in the middle of the absorber. 

\Ve made two sequential cuts: 

1. Total charge deposit in the hum X strips behind the absorber, chosen 
for 90% elect.ron retention, and 

2. Total charge deposit in the Y plane, situated in t.11e middle of the ab­
sorber, with the charge deposit a.gain chosen for 90% electron efficiency. 

Since the Y plane is at a different depth into the absorber t.han the X 
plane, t.he longitudinal shower development information is used for further 
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pion rejection. For these 2 plane correlat.ion studies, the total electron effi­
ciency is 81 %. Figures 16-19 show the residual pion efficiencies as a function 
of the total absorber thickness. Again all efficiencies shown here at normal­
ized to 1. There a.re different shaped point.s, indicating different depths into 
t.he absorber of the Y silicon-strips plane. Ea.ch point here represents a pion. 
efficiency at some cuts which are designed to give 81 The single-plane points 
use a total energy cut in the central lnnn strip in the last plane, to give 
8kompa.red to t.he previous graphs, showing ouly a nominal decrease in t.!1e 
pion efficiency for the extra 10 

Ignore for the moment the 3mm lateral-cut points in Figures 16-19. In 
Figure 16 (10 GeV incident energies) we see that the longitudinal energy cut 
gives little improvement in the pion rejection when compared to the straight 
energy cut in t.he last plane. Within errors there are some differences, making 
use of the correlated plane somewhat better at lower energies, and worse at 
higher incident energies, especially for thinner absorbers (see Figures 17-19). 
Early showering which would give the best correlated-plane rejection would 
also lea.cl to greater charge deposit in the last plane anyway. A straight energy 
cut in the last plane is just as good. The improvement in the rejection is 
almost. independent of the depth that. one places the Y silicon plane for 
reasonable absorber thicknesses. 

Lateral information may be exploited in a similar way. histead of using 
two separate silicon planes situated at different depths into the absorber, one 
uses the one silicon plane situated aft.er the absorber. Two sequential cuts 
were ma.de: 

1. Tot.al charge in the Imm X strips chosen for 90% total electron reten­
tion, and 

2. Tota.I charge deposit in 3 ganged strips in the same X plane, chosen for 
903 electron efficiency. 

Again the total electron efficiency is 81 %. The lateral dimension of the 
3 ganged strips is 3mm. The efficiencies for pious sun·iving these cuts a.re 
shown in Figures 16-19. At the lowest particle energies, this cut is not nearly 
a.s effective as a straight charge deposit cut. The improvement in pion rejec­
tion above 100 GeV is striking. The lateral information gives much bel.t.er 
electron t.o pion discrimination than the longitudinal information for thicker 
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absorbers. At 100 GeV this improvement is up to a factor of 5. Such a 
geometry would be less expensive to implement, and is well suited to ve1·y 
high energy electron/ pion discrimination. 

4 Conclusions 

The GEANT Monte Carlo is an effective simulation for modelling thin­
sampling silicon calorimetry. With GEANT, it is shown that a preshower 
detector of lead and silicon can achieve good electron to pion rejection at 
the high energies expected at. the SSC. Reject.ions better than 1 in 200 are 
expect.eel wiU1 a reasonable segmentation, using simple cuts that can be im­
plemented in a fast trigger. The most cost-effective method uses two layers 
of st.rip-sampling, one before and one after a 3 Xo radiator. Additional depth 
sampling gives little additional rejection. Similarly, pad geometries add "fac­
t.or of 2" improvements, but would greatly increase readout costs. 
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GEANT Mont.e Carlo material C:UTELE C:UTGAM DC:UTE BCUTE 

Silicon 10 keV 10 keV 10 keV 10 keV 

Lead 20 100 10 1000 

Table 1: GEANT Monte Carlo t.racking and physics cutoffs 
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Figure 5: 4 GeV e- data of Bormann et al. compared to their EGS4 Monte 
Carlo for one calorimeter configuration. 
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Figur" 6: 4 GeV e- data of Bormann et al. compared to GEANT with the 
standard tracking cuts shown in Table I. 
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Figure i: 4 Ge V e- data of Bom1a1111 et al. compared to Monte Carlos with 
\1lrious cutoffs. 
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energy in one plane, an<l is shown as a function of the pre-radiator thickness 
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Figure 13: The Pion Efficiency for a 90 % Electron Efficiency cut for 50 GeV 
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Figure 14: The Pion Efficiency for a 90 % Electron Efficiency. cut. for 100 
Ge V particles wit.h a strip geometry. Pion rejection is based on the total 
sampled energy in one plane, ancl is shown as a function of the pre-radial.or 
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Fi~ure 15: The Pion Efficiency for a 90 3 Eledron Efficiency cut for 500 
Ge V particles with a strip geometry. Pion rejection is based 011 t.11e total 
sampled energy in one plane, and is shown as a fu11ctio11 of the pre-radiator 
thickness in X0 unit.s 
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Figure 16: The Pion Efficiency for a 1 mm strip geometry, with cuts that 
tota.l 81 3 Electron efficiency. The single plane cut uses a. straight energy cut 
on t.11e center lmm strip in the developing shower, applying a. 903 electron 
efficient cut twice. The others apply this 903 energy cut once on the lmm 
strip, and then a. second cut a.s shown that is also 903 electron efficient. 
Shown a.re three longitudinal cut.s a.ncl one 3mm lateral energy cut. The 
bottom a.xis shows the total thickness of the absorber; the longitucliual cuts 
a.re on some lmm strip a.t the depth indicated in the insert. The lateral cut 
is over 3 strips in the la.st. silicon plane. Shown here a.re the results for lO 
Ge V va.rticles. 



• (L 
(L 

LLJ 

c 
0 
'-u 
u 
Cl> -UJ 

N -co 
~ 

> 
u c 
Cl> -u -"-
"-
LLJ 
c 
0 

Q_ 

0.100 • . 
- 50 GeV particles -

0.050 lmm strips 

* • 
~ 0 

• 

"' + 0.010 -• • ~ --

' 
0.005 )( sinqle plane only 

- 0 with plcne at 0.5 XO t with plane at 1.0 XO • 0 

with plane at 1.5 XO ll 

J • x with 3mm lateral shower cvt 
~ 

0.001 . . . . I . . . . I . . . . . 
0 1 2 3 

Absorber Thickness !Radiation Lenqthsl 

Figure 1 i: The Pion Efficiency for a 1 nun strip geometry, with cuts t.hat 
total 81 % Electron efficiency. The single plane cut uses a straight energy cut 
011 the center Imm strip in the de,'eloping shower, applying a 90% electron 
efficient. cut twice. The others apply this 903 energy cut once on the !nun 
st.rip, and then a second cut. as shown that is also 90% electron efficient. 
Shown are three longitudinal cuts and one 3mm lateral energy cut. The 
bottom axis shows the total thickness of the absorber; the longitudinal cut.s 
are 011 some !nun strip at the depth indicated in the insert. Tl1e lateral cut 
is over 3 strips in the last silicon plane. Shown here arc the results for 50 
Ge V particles. 
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Figure 18: The Pion Efficiency for a 1 n11n strip geometry, wit.11 cuts that. 
total 81 % Electron efficiency. The single plane cut uses a straight. energy cut 
on t.11e center lnun strip in the developing shower, applying a 90% electron 
efficient. cut t.wice. The others apply this 90% energy cut once on the lnuu 
strip, aml then a second cut. as shown that is also 90% electron eflkieut. 
Shown are three longitudinal cuts and one 3nun lateral energy cut. The 
bottom axis shows the total thickness of the absorber; the longitudinal cuts 
are 011 some ln11u st.rip at. t.he depth iudicatecl in the insert. The lateral cut. 
is over 3 strips in the last silicon plane. Shown here are the results for 100 
Ge V particles. 
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Figure 19: The Pion Efficiency for a 1 mm strip geometry, .n.th cuts that 
tut.al 81 % Electron efficiency. The single plane cut uses a straight energy cut 
on the center 11llll1 strip in the developing shower, applying a 903 electron 
efficient cut twice. The others apply this 903 energy cut once on the lmm 
st.rip, and t.l1en a second cut. as shown that is also 903 electron efficient .. 
Shown are three longituclinal cuts and one 31llll1 lateral energy cut. The 
bottom axis shows the total thickness of the absorber; the longitudinal cuts 
are on some lmm strip at. the clept.11 indicated in the insert. The lateral cut. 
is over 3 st.rips in the last silicon plane. Shown here are the results for 500 
Ge V particles. 
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