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Abstract

The Module 0 of the electromagnetic end-cap calorimeter was assembled and tested
with electron beams in 1999. This note presents the uniformity and the energy resolution
obtained in the inner wheel and the crack region (n=2.5). A constant term of ~ 0.6%
(excluding the crack), compatible with the expectation, is obtained in the inner wheel.
Crack effect is mainly sensitive in the region n = 2.5 £ 0.01.



1 Introduction

The module 0 of the liquid argon electromagnetic end-cap calorimeter (EMEC) [1] was
intensively tested during 3 weeks at CERN, in 1999. In order to accommodate the accor-
dion geometry in the end-cap region, the detector needed to be divided in two concentric
wheels: 7) the outer (n = [1.4,2.5]), and i) the inner (n = [2.5,3.2]). In both wheels, gaps
and absorber waves angle vary continuously, whereas high voltage settings vary by step.
The goal of this study, based on about 3 millions events', is to present the uniformity and
the resolution of the calorimeter in the inner wheel (7 = [2.5,3.2]) and the crack region
(n = [2.45,2.55]), after correcting for HV and geometry effects. Results obtained in the
outer wheel (n = [1.4,2.5]) are discussed elsewhere [2].

This note is organized as follow. Generalities about the inner wheel are given in
section 2. Section 3 reviews the results obtained for the uniformity scan analyses in the
inner wheel, and section 4 the study of the crack region as well as a detailed comparison
with simulation. Conclusions are given in section 5.

2 Generalities on the Inner Wheel

Since a detailed description of the inner wheel can be found in [1], only the main features
and a description of the stacking are recalled in this section.

2.1 EMEC Inner wheel description
2.1.1 Granularity

Contrary to the outer wheel, the main goal of the n region above 2.5 is to detect missing
energy in LHC collisions. Therefore a coarser granularity and only two samplings are
necessary in the inner wheel [3]:

e The middle sampling (S2): the cell width size in 7 is constant (An = 0.1) and 4
adjacent electrodes with the same 7 cell are summed in ¢ (A¢ = 0.1). S2 has a 24
Xy constant depth, corresponding to the sum of S1 and S2 in the outer wheel.

e The back sampling (S3): the cell size is identical to S2 and its depth increases with
n from 4 to 12 X,.

The granularity of the inner wheel, as well as in the outer wheel near the crack region
([2.4,2.5]), is summarized in Table 1. We should notice that in module 0, the inner wheel
was complete (¢ range between 0.0 and 0.785) while the outer wheel was half equipped
with electrodes (¢ range between 0.196 and 0.589).

!There were two test periods: a short one (4 days with a 200 GeV electron beam) and a longer one
(two weeks with 10-180 GeV positron beams) where uniformity scans were performed.



7N X ¢ range
2.4,2.5]%[0.196,0.589] ‘ [2.5,3.2]x[0.0,0.785]
S1 0.025 x 0.1 —
(212-215) % (2-5) -
52 0.025 x 0.025 0.1 x0.1
(40-43) % (8-23) (44-50) % (0-7)
S3 0.050 x 0.025 0.1 x0.1
(18-19)x (8-23) (20-26) x (0-7)

Table 1: AnxAg¢ of calorimeter cells in the crack region and the inner wheel. (Neey) X (Peenr)
cell ranges are given for each region.
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Figure 1: Current density in nA/MeV, as a function of n [4] in one outer wheel HV zone
(2.8<n <2.5) and for the inner wheel (2.5< n <8.2). The high voltage values set on the
detector are indicated. Vertical lines represent the separation between high voltage sectors.



2.1.2 High voltage

The calorimeter response, i.e. the peak current (I,eqr), can be written as [4]:

ot~ 1222 s g o Lo s (1)

where g is the gap between electrodes and absorbers, fsqm, the sampling fraction and U,
the high voltage (HV). Because of the end-cap geometry, g decreases with 7 from roughly
3 to 2 mm in the inner wheel (in the outer wheel before the crack region, g ~ 1 mm). As
the absorber’s thickness is constant per wheel?, the sampling fraction follows the same
variation. Consequently, for a given constant electric field (E;eq) the dependence of fyqmy
and g with 7 almost cancels out.

However, in practice, high voltages are set by projective HV sectors (2 in the inner
wheel), first approximation to get a constant electric field. The expected calorimeter
response from simulation is shown in Figure 1, as well as the high voltage settings. The
current density (i¥) increases linearly with 7 inside each HV sector [, with a slope A,
which does not depend on the sampling i, h! = b}, = h} = ht:

Ipeak = Z(? X Eel ) Z(? = IOE X (1 + hi : (77 - nienter> + 0(77 - néenter)Q) (2)

where 1’,,,., is the center of the considered high voltage sector, E.; the energy of the
incident electron. For safety reasons, high voltage settings have to be less than 2500 V
at liquid argon temperature. Therefore, it was not possible to obtain the same current
density on both wheels and I’ is 1.97 and 2.45 nA/MeV in the inner and outer wheel
respectively [4].

2.2 Inner Wheel stacking and cabling

A complete inner wheel containing 32 absorbers and 31 electrodes was assembled in
parallel® with the stacking of the outer wheel, already described in [2]. Each absorber,
with 6 waves accordion shape, is fixed on 4 indexing rings located at outer and inner radii
of the inner wheel (front and back side).

A typical shape of the sagitta measured for one absorber is shown in Figure 2a. A
parabolic shape is observed with a peak on the 4" wave. Therefore the gap, between
absorber and electrode, is greater than the nominal value in S2. Thanks to the fixation
on the structure, S3 is less affected.

To ease comparison with results presented hereafter, we now consider the sagitta of
the 4" wave averaged over 4 absorbers (S2 cell size in ¢). Figure 2b shows its evolution
along the stacking. The sagging amplitude is constantly increasing, with a slope of about
0.45 mm per cell. It was attributed to the spacer net thickness and cured for the produc-
tion modules (spacer fabrication is improved and net thickness is reduced). This problem
could affect the uniformity of the detector response.

2The absorber’s thickness is 1.7 mm in the inner wheel and 2.2 mm in the outer wheel.
3In the inner wheel, one absorber is stacked each three absorbers in the outer wheel.
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Figure 2: a) Typical sagitta shape as a function of the wave number at n = 2.8 (vertical
full line represent the separation between S2 and S3) and b) 4™ wave sagitta, averaged
over 4 absorbers, as a function of ¢ee, at n = 2.8.

Cold electronics (summing and mother boards) were then plugged in the detector.
Dedicated studies [5] demonstrated that these boards are responsible of high inductive
crosstalk (1-2%), and thus possible source of non uniformity.

No problems were observed during the high voltage tests performed at warm during
and after the stacking. Cold HV tests in the cryostat at CERN were also positive.

3 Uniformity scans in the inner wheel

The EMEC module 0 was tested in the CERN North Area. A 100 GeV positron beam,
described in more detail in [6], is used to scan the detector in two directions: ) 7, in the
range [2.45,3.1] for one ¢ line (¢ = 0.3375) and i) ¢, in the range [0.1,0.7] for 3 7 lines
(n = 2.65,2.85,2.95). Except in the crack region, pions are vetoed at the analysis level
using the information of scintillator counter located behind the detector?.

3.1 Data analysis

We used EMTB software [7] to access test beam data. The shaped and digitized signals
are then processed (after pedestal subtraction) with the optimal filtering technique [§]
using:

4Muons are vetoed at the trigger level.
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Figure 3: Inductance measured in S2 and S3 with an RLC meter, after taking out the
mother boards. The full histogram shows the theoretical electrode inductance [11]. Vertical
dashed lines represent the separation between summaing boards. The inner wheel connectors
are also represented where G is the ground connection.

e for calibration: a tabulation of the signal shape [8];

e for physics: a sigmoid sums using neural network fit [9].

The maximum of signal amplitude (A, in ADC counts) is obtained, calibrated and
finally converted in DAC units. To correct for the different inductance values seen by

calibration and physics signals, a factor % is computed [10] and applied to each cell i.
phy
5

Figure 3 shows the measured inductances® as a function of n, for S2 and S3 at 2 different

¢. Two effects are observed:

1. A variation in ¢ due to difference in summing board strip line length. This effect is
less than 8 nH and will affect the ¢ uniformity:.

2. A variation in 7 related to the insufficient grounding, especially true for the S2 cell
at 7 = 2.85 and the S3 cell at n = 3.15. This effect can amount up to 20 nH.

Hardware solutions proposed to solve these two effects for the production modules are
described in [2].
Finally the cell energy (E;) in the sampling ¢ is defined as:
ca 3
MZ ? ( )

phy

EZ:")/ZXDACX

®These values are obtained with a RLC-meter after unplugging the mother boards.



Arr]cell X Aqbcell
Inner Wheel scan || Crack Scan (n = [2.45,2.55])

Outer Wheel ‘ Inner Wheel

Strips - 4x1 -
Middle 3x3 4 x5 2x%x3
Back 1x1 1x1 1x1

Table 2: On the left, cluster size per layer around cell with maximum enerqy deposit for
the inner wheel scan. On the right, cluster size per layer, kept constant along the crack
scan, in the outer and inner wheel.

where v is a global conversion coefficient applied to obtain GeV. It can be expressed as:
1 1

= VDAC % X 4

i Count ]()E Rz ( )

where VA4S is the value of DAC counts in units of voltage (3.81 x 10 nV/DAC), R; is
the equivalent resistance of the calibration system on the mother boards and IF is the
current density, cf. Equation (2). Numerically, it gives:

Yo =y = 38.8 MeV | 73:% (5)
in the inner wheel and
Yo = =312 MeV | 73:% (6)

in the outer wheel. In this analysis, the v factor computed with the test beam data (cf.
section 3.2) is 8 % less compare to the expected value. A similar effect is observed in the
outer wheel [2].

3.1.1 High voltage correction

The different stepped high voltage settings (cf. Figure 1) are sources of energy dispersion.
To correct for this effect, weights are applied on each cell depending on 7, sampling and
HV sector. This is detailed in section 3.2.

3.1.2 Clustering

Clusters are constructed in each sampling and their energies (Eg;) are summed to compute
the total energy (FEy). Table 2 shows the various sizes chosen for the inner wheel and
the crack scan.

For uniformity scans in the inner wheel, the cluster is formed around the cell with
maximum energy deposit (as in the outer wheel scans), whereas for the crack analysis, the
cluster is fixed all along the scan. With the choice of a rather large cluster in the latter
case, we will only be sensitive to the crack effect (no lateral leakage). In S3, because of

6



the cross-talk [5] and the low value of energy deposit, we take the cell in regard of the S2
cell with maximum energy deposit.
n and ¢ barycenters are computed in S2 as:

N; Ny, N; N
E27]7¢k: X 1 E27]7¢k: X¢kz
nbar ZZ ’ ’ bar ZZ ’ (7)
7j=1 k=1 j=1 k=1

where IV; x N}, is the number of cells in the cluster. No attempt were made to correct for
the barycenter bias (S-shapes).

3.1.3 Geometrical corrections

Once the total energy is obtained, two geometrical corrections are applied. The 7 lateral
leakage, caused by the finite size of the cluster, and the ¢-modulation, induced by the
accordion geometry. In both case, the corrected energy is computed as:

corr EO S
Etot = tt()7527]7¢ (8)

where f is the fitted function which parameterizes the normalized energy variation as a
function of s. The section 3.2 shows how these corrections are obtained.

3.2 17 scan

A complete 7 scan of the inner wheel, centered on ¢ = 0.3375, was performed. Because
the S2 cell size (from 5.8 cm at n = 2.55 to 3 ecm at n = 3.15) is larger than the beam
size (about 1.5 cm in 7)), 4 runs per S2 cell were recorded®, i.e. An = 0.025. This allows
us to completely cover the region n = [2.6, 3.1].

Figure 4a shows the mean value of the total energy as a function of n. The v
coefficient, calculated to obtain a mean response of 100 GeV over the scanned zone, is
0.0359. In this Figure, the energy dispersion mainly comes from the stepped high voltage.

3.2.1 High voltage correction

To correct for this non uniformity, we apply weights (w!) on each cell depending on 7, the
sampling (S7) and the HV sector (I):

wi(%) =1+ Odﬁ ’ (77] - néenter) + l9(77] - néenter)2 (9)

Nlonter being the center of the considered high voltage sector. In the case of simulation,
al can be computed directly from Figure 1.

As for the outer wheel([2]), we make the following hypothesis (also predicted by
simulation):

ol = ab = al (10)

6A total of 19 runs with 30000 events each were taken.
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Figure 4: Total energy as a function of n: a) before and b) after high voltage corrections.
Inductance corrections are applied. Vertical full line corresponds to high voltage sectors
separation, and dotted ones to cell boundaries.

To compensate for the difference in the detector response per HV sector, global
factors, '

(11)
Etlot

are computed. Efot is the mean value of total energy per HV sector [, and Ejq,, is the
beam energy (100 GeV, here).

We minimize the total energy dispersion per high voltage sector using o! parameters,
in a two steps process. For the first iteration, o' coefficients extracted from simulation
are taken as input. A second iteration is then performed with the new o' parameters
as input. Convergence within few % is achieved after a second iteration. Table 3 gives
parameters obtained for simulation and data. Errors indicate the variation between the
output of first and second iterations.

Figure 4b shows the mean value of the total energy as a function of n after high
voltage corrections are applied. The energy dispersion is now clearly reduced compare to
Figure 4a.

3.2.2 1 leakage correction

Figure 5a shows the total energy as a function of the n barycenter computed in S2, after
high voltage corrections. Expected parabola shape in each cell, due to lateral leakage, is
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Figure 5: a) Total and b-c) S2 and S8 energies as a function of n barycenter in S2. Ver-
tical full line corresponds to high voltage sector separation and dotted ones to separations
between cells.

severely degraded. This can be explained by the non-correction of S-shapes. As a result,
the energy dispersion is of the order of 1.12%. Figures 5b-c¢ show the energy for middle
and back sampling. We can observe that around 99% of the total energy is deposited in
S2 and that energy in S3 is not well corrected for the high voltage effect.

From simulation, we expect the total energy variation as a function of 7 barycenter
to be parametrized as:

2
Fl (nbar) = CO . fl(nbar) = CO : (1 + Cl : |:(77bar - ng%nteT) - 02:| ) (12)

where Cj is the maximum of the parabola (in our case, it basically corresponds to the
beam energy), C its curvature (sensitive to the cluster size) and Cy the position of the

i Simulation Data
range a | ; a I
2.5-2.8 -0.23 1 1-0.60 &£ 0.01 | 1.02
2.8-3.2 -0.26 1 |-0.75 £ 0.02 | 0.98

Table 3: a and (3 coefficients in the 2 HV sectors scanned, for simulation and data. Errors
indicates the variation between the output of first and second iterations.
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Figure 6: ¢-modulation in absorber unit for 4 n values. A cluster 3 x 3 has been used in
S2. The curve is a function (Fourier series) used to correct for ¢-modulation. Results
from simulation with charge collection are shown at n = 2.65 and n = 2.95.

maximum with respect to the center of the S2 cell (ngg™").

According to the distorted parabola shapes seen in Figure 5a, this function is clearly
not satisfactory for test beam data. However, if this correction is applied the energy
dispersion is improved to 0.61 %.

3.2.3 ¢-modulation

Figure 6 shows the ¢-modulation in absorber unit (@) at four different n values. The
amplitude is constant over 7, around 2%. This dependence of the total energy as a
function of ¢ barycenter can be parametrized with Fourier series:

i=1

3
F2(¢abs) = ag - f2(¢abs) = Qo - (1 + Z a; - 008(27‘-7;¢abs> + bl : Sin(27r¢abs>>
(13)

where ag is the mean total energy, a; are the even coefficients. b; is an odd coefficient which
takes into account calorimeter local defects. At n = 2.65 and n = 2.95, a comparison with
simulation (including charge collection) is presented and good agreement is found with
the data.

Fitted parameters of ¢-modulation versus 7 are shown in Figure 7. a; and as cosine
terms can be fitted with a parabola. The third cosine term (a3) is compatible with 0.
Therefore only two cosine parameters are necessary to fit ¢-modulation in the inner wheel.
The sine term (by) is small indicating that calorimeter defects are well under control.

10
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3.2.4 Energy resolution

Figure 8 shows the total energy distribution at n = 2.65 before and after geometrical
corrections. The energy resolution improves from 1.6% to 1.21% (improvement of 24%).
Figure 9a shows the energy resolution versus 7 for test beam data, after beam spread
subtraction, and for simulation (2 points). Except for n = 2.75 (n dependence is abnormal)
and 7 = 3.05 (close to the calorimeter edge), the energy resolution is below 1.25% in good
agreement with simulation. Figure 9b shows the total energy distribution over the 7 scan.
A resolution of 1.29% is obtained. Subtracting quadratiquely the sampling term (1.05%
[12]) and the noise term (0.5%7) a constant term of 0.55% is obtained for the 7 scan.

"We are using only the medium gain.
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3.3 ¢ scans

Overall ¢ scans were performed for three n lines : 2.65, 2.85 and 2.95. To obtain a
complete ¢ coverage, the main constraint comes from the beam size (about 2 ¢cm in ¢) to
be compared to the ¢ cell size in S2 (from 6.7 cm at n=2.55 to 3.5 cm at n=3.15). Thus 3
runs® were taken per S2 cell. The total energy, as a function of ¢ barycenter, is shown in
Figure 10 for the 3 scans. For ¢, < 1 and ¢p, > 6, part of the electromagnetic shower
starts to develop out of the detector. Consequently, we observe a decrease of the energy
in these regions (labelled 1 and 3 on Figure 10), especially in the latter one, completely
scanned. Therefore, for uniformity purposes, we will concentrate on zone 2 which covers
4 ¢ cells (peeyy = 2 — 5), where the value of mean energy is constant. In each cell, four
¢-modulation are observed, corresponding to the number of absorbers. A global parabola
effect is also present and can be explained by the shower leakage out of the 3x3 S2 cluster.
This leakage is smaller than for ¢..;=1 and 6 because of the possibility of shower particles
back scattering in the cluster. Before correcting these two effects, the measured energy
dispersion is of the order of 0.6-0.7%, depending on 7.
Averaged ¢ lateral leakage can be parametrized as:

2
Fl (¢bar> = CYO . f1(¢bar) = CO : (1 + Cl : |:(¢bm“ - g%nter> - C12:| ) (14)

Once this effect is corrected, an average ¢-modulation over the four ¢ cells (16 absorbers)
can be performed. Figures 11a-c show the result in absorber unit, after normalization, for
the 3 ¢ scans. The fitted parameter values are comparable with the ones extracted in the
n scan, cf. section 3.2. Figures 11d-f show the total energy as a function of ¢ barycenter
after both corrections are applied. The energy dispersion is reduced by a factor of more
than 1.5 compared to Figure 10, leading up to about 0.5% at n = 2.65, and 0.4% at
n = 2.85 and n = 2.95. As a comparison, an energy dispersion of about 0.3% is obtained
in the outer wheel at nn ~ 2.2 with a 3x5 cluster in S2.

The final energy resolution as a function of ¢..;;, after correcting for all geometrical
effects (including 7 lateral leakage) and subtracting the beam spread, is shown in Fig-
ure 12a. The energy resolution is around 1.2% for ¢..; = 2-4. The degradation of energy
resolution observed at ¢.; = 5 may come from an increase of the sagitta in this region
(cf. Figure 2b). Figure 12b shows the total energy distribution over the three ¢ scans
for ¢eey =2-5, after all corrections are applied. The energy resolution is 1.306%. If we
subtract the contributions from the average sampling term (1.05%) and the noise term
(0.5%), the constant term obtained is 0.59%.

4 Crack study

The crack region (n = [2.45,2.55]) was scanned at ¢ = 0.3375, the only zone not affected
by HV problems (the power was not supplied on the HV zone [n = 2.3—2.5, ¢ = 0.4—0.6]
because a short circuit was detected at cold). A total of 18 runs of 30000 events were taken
each An ~ 0.006. The Figure 13 shows a detailed schematic view of the crack region.

8For one ¢ scan, this represents 18 runs with 30000 events each.
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between zones of interest, and dotted separation between cells.
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Figure 12: a) Energy resolutions and b) total energy distributions over the three ¢ scans.
A 3 x 3 cluster is chosen in S2.
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Figure 13: Schematic view of the crack region between n=2.4 and n=2.6. The cell size is
represented, as well as the dimension of each sampling.
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Figure 14: Simulation of total energy (black point) and mean total energy (full circles) as
a function of the true n value for the range n = [2.49,2.51].

The interleave (~ 3 mm) between the two wheels is filled with the G10 transversal bars
of the inner wheel absorbers and with liquid argon.Therefore the crack has roughly 3 X
in depth, to be compared to the 38 Xy of the outer wheel (at n = 2.49) and the 28 X, of
the inner wheel (at n = 2.51). It should be noticed that inner and outer wheel electrodes
are not coppered on 0.5 mm near 1 = 2.5, which will affect the charge collection in this
region.

A quantitative estimation of the electron energy loss in this region is provided by
simulation (with charge collection). For this purpose, a projective 100 GeV electron beam
was used. Figure 14 shows the total energy as a function of the true value of 1 (94e) in
the region n = [2.49,2.51]. Only a small zone of 5 mm, corresponding to n = 2.54+3:991, is
affected by the presence of the crack. At the center of this region, 90% of the total energy
is lost.

In the following, to be mainly sensitive to the crack effect, we chose a constant
cluster in between the two wheels as illustrated in Figure 15°. The global scale v differs
for the two wheels, cf. section 3.1. In the inner one, we choose the same ~ as in the inner
wheel scan. In the outer wheel, as no n scan was performed in the region n =2.3-2.5, we
estimate v from the zone n=2.45-2.475.

9See also table 2.
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Figure 15: Cluster choice for the front (a), the middle (b) and the back (c) sampling.
Shaded zones correspond to the chosen clusters, the thick solid line the crack and the thin
ones separations between neighboring cells. Arrows delimit the scanned region.
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Figure 16: Percentage of events, after cut on pions (ADC0n < 380), versus 1.
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cells.

4.1 Pion removal

The main problem for this analysis is the separation between electrons and pions around
n = 2.5. Figure 16 shows the percentage of events remaining after the cut on the scintil-
lator digital signal (ADC);,, < 380 ADC counts), located behind the calorimeter. When
the separation is effective, pions (~ % of the events) can be removed (purity of more than
90 %). However around the crack, the cut removes electrons as well as pions because
electrons still have most of their energy after passing through the calorimeter (where they
deposit only 10% of their energy, cf. Figure 14).

Because of this problem, we used only the calorimeter response to separate electrons
from pions, out of the region 7y, = [2.49,2.51], and we apply a cut E;; > 80 GeV. No
cut is applied in the region ny,, = [2.49,2.51].

The same selection is done in simulation. To obtain a better comparison with test
beam data, 100 GeV pions!® have been simulated in the crack region and added to the
electrons (with the same proportion as for the 100 GeV beam).

4.2 Comparison between test beam data and simulation

Figure 17 shows the total energy as a function of 7, for test beam data and simulation.
Main differences are:

10No precise pion energy measurement was available so a 100 GeV default value was used.
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Figure 18: a-c) Sampling energy and d-e) outer wheel and inner wheel energy as a function
of n barycenter, for test beam data (full circles) and simulation (open circles). Vertical

% * DATA
O
%%&M PR @&oww% © SIMULATION
10 5.0, oissaainssinssssssss 0
¢ % ..-M. "
%, ©
*
%
A
0 Dotoo \
245 2475 2 2525 2.55
Noar
100
|o¥gueneseentssconmssssaecaciinsteseesensay ) B
o
o 9
% ot
50 - ._w 4
oY * DATA
o SIMULATION
0 n b & n 1 1
245 2.475 2 2525 2.55
Noar
* DATA }df
o SIMULATION 1 c
5 -1 ;
%&4 W%
o."“ ) ocoo
wous” "&mmg;;:
acs oo’
0 L 1 L
245 2475 25 2525 2.55
Noar

<E,,> (GeV)

dashed lines correspond to cell separations.

Normalized E

!A
o
s

® data

© simulation

x%Indf=40/35

-0.4

-0.2 0

0.2

0.4

abs

!A
o
s

Normalized E

O
o,
80 .,
" % « DATA
>
) o SIMULATION
60
d o
5
5
40 %
.
.
% ey
20 ot
OO
‘9& . | .
245 2.475 25 2525 2.55
Nbar
100
) /
60 6
40 .
-t « DATA
2] o (#
0 __ﬁ""._.-’% © SIMULATION
s
M SN
0 Fanstosnassasseasusessett ) il . .
245 2475 25 2525 255
Nbar

nN=2.54

® data

© simulation

x%Indf=56/35

-0.4

-0.2

0.2 0.4

abs

Figure 19: ¢-modulation at n=2.46 and n=2.54, for simulation and test beam data.

20



210 7 X2/ ndf 98.56 / 21 2 X2/ ndf 11.78 / 12
DATA voan " ooz:  osorreor SiMU voan " Toiar  osmrios
:2 ,46 Sigma 2.422 + 0.1987E-01 Sigma 1.475 + 0.3906E-01
| n ; n=2.46 "
10 P=0.3375 \ |
A 102 ®=0.3375 2l
N Y [
; il
¥ ’1 {
102 Peak : 84% of events ‘;f \ # \
| \
#( \ 10 Peak : 91% of events * |
10 Tr - n
W\ | | \
o 50 oo %m (Gev) o 50 oo Ew (Gev)
£10 “F x2/ndf 50.55 / 25 2 x2/ndf 2232 / 16
onstan 3 =+ 2 w onstan 7+ X
DATA wean oam  oowomeor S ean Yoo s oasnrcor
=2.495 sSigma 3.159 + 0.5442E-01 sSigma 2.056 + 0.5428E-01
| n n=2.495
107 P=0.3375
107 ®=0.3375 fm
I
o t i*
102 Peak : 54% of events M’ \ %
M |
by ahi it L {
bt Ak 10
i WW\M m{m NWW\ ) ) k
10

W Peak : 80% of events
't fit
\W H“\H‘Hﬂw i

| LS T M

.
S0 100 g, @ev
£10 x2/ndf 39.20 / 17 2 x2/ndf 64.22 / 23
Constant 1303. =+ 14.94 w Constant 76.28 + 3.199
DATA Mean 95.80 + 0.1666E-01 SI M U Mean 99.00 + 0.9263E-01
n =2.505 Sigma 1.883 =+ 0.1697E-01 Sigma 2.612 + 0.7651E-01
. : - n=2.505
10 P=0.3375 A 2
7 0% P=0.3375 :M
1 i
S i
i
10 2| Peak : 67% of events w’ |
W 4
|

oA
i ket ft | 10 L Peak : 80% of events I |
~ wWmNW*’”‘*HW’WH\\\\.{ 1 | |

b
10 kH\\HH{W ) | W W

| ( ]
w1 a
B I T
: e | -
o 50 100 g (Gewy o 50 100 g, Gevy
g1o >2/ndf 1386 / 12 2 >2/ndf  13.66 / 10
DATA o™ teeet  oasemen SIMU o™ obant  oz7acten
3 n=2.54 |sima = ; o 0mee-01 epma e ase = ; oa7aze-or
10°% ©=0.3375 :f \ 102 ®=0.3375 :5?
| |
102 Peak : 89% of events : \ f‘ |
Hf‘ \ 10 Peak : 94% of events k “
WW | i
| I (N i | I |
o 50 100 £ (Gev) [} 50 100 g (Gev)
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Figure 21: Energy resolution as a function of n, for simulation and test beam data (beam
spread has been subtracted) at 100 GeV.

1. in the outer wheel: unexpected energy drop near n = 2.475 for test beam data (in
view of the chosen large cluster). Simulation gives a flat energy response.

2. in the crack: smaller energy loss for data (~ 60% at n = 2.5) than for simulation
(~90% at n = 2.5). This comes from uncertainties on pion simulation and possible
non projectivity of the beam.

3. in the inner wheel: difference in the rising edge far from the center of the S2 cell.

To better understand these differences Figure 18 shows the energy per sampling
(a-c) and per wheel (d-e). Effects labelled 1 and 3 in the upper list can be explained
by the energy deposit in S2 cells of the outer wheel. This might be due to unsufficient
grounding at n=2.5, not included in the simulation. It should also be noticed that the
energy deposit in S1 is higher for simulation than for data (might be due to an inaccurate
simulation of the matter in front of the calorimeter). Finally a different structure in the
energy deposit in S3 cells is observed. However, in both case, the energy is increasing
at 7 = 2.5 because of the later start of the electromagnetic shower. Typically a better
agreement is found for the inner wheel than for the outer wheel.

4.3 Enmnergy resolution

Because of the large cluster size, no n leakage corrections are applied. The ¢-modulations
are only corrected out of the range n = [2.49, 2.51], because they are too much degraded
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by the pions in this zone. Figure 19 shows a comparison between simulation and data
of ¢-modulation at n = 2.46 and n = 2.54, and a good agreement is found. Here, no
degradation of the modulation is observed despite the presence of the crack.

Figure 20 shows the total energy distribution at 4 n values (2.46, 2.495. 2.505 and
2.54) for test beam data and simulation. Gaussian Fit, performed on the peak close to the
beam energy, is represented, as well as the percentage of events in the peak. As expected,
the energy resolution is degraded near the crack and more electrons are out of the peak.

Figure 21 shows the energy resolution as a function of n for simulation and test
beam data. A good agreement is found in the inner wheel whereas in the outer wheel, the
energy drop near n = 2.475 (cf. Figure 17) degrades the energy resolution in the data.
As expected, the presence of the crack induces a degradation of the energy resolution
(~ 100%) with the worst resolution at n = 2.495 (- = 3.45%).

o
Eiot

5 Conclusions

Complete uniformity scans were performed in the inner wheel of the EMEC module 0 with
a 100 GeV positron beam. Results are shown for: i) one ¢ line in the n range [2.6,3.1],
as well as in the crack region [2.45,2.55], and i) several n lines in the region around
n=2.65, 2.85 and 2.95. They are obtained using the last version of optimal filtering
for the calibration signals, as well as for the physics data. Variation of inductance are
corrected in 77 and ¢ in this analysis.

Concerning the inner wheel scan, main conclusions are:

1. n lateral leakage corrections suffers from the barycenter bias due to large S2 cell
size.

2. ¢-modulation, in good agreement with simulation including charge collection, can be
fitted with a 3-parameter Fourier serie. Extracted coefficients can be parametrized
as a function of 7.

3. Energy resolution is around 1.2-1.3% after all geometrical corrections and beam
spread subtraction.

4. After applying all corrections, energy dispersion is 0.61% for n scan and around
0.4% for the ¢ scans.

A 0.64% global constant term, compatible with expectations, can be extracted from these
scans.

The study of the crack region (n ~ 2.5) is affected by the presence of pions (pion
removal is not possible around n = 2.5 because electrons are not completely contained in
the calorimeter). Despite this effect, that we tried to take into account in the simulation,
we can conclude that:

1. The sensitive zone given by simulation is n = 2.540:39].

2. 60% (resp. 90%) of the total energy is lost in the crack zone for test beam data
(resp. simulation).
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3. Energy resolution is degraded by the presence of the crack by a factor ~ 2.

A possible solution to improve pion removal in this region is to put lead between calorime-
ter and scintillator.
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