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Abstract

The influence of the crack between the ATLAS barrel liquid argon presampler sectors
is studied. A calculation of the electric field is performed, which allows a realistic
estimation of the charge collection between the lateral edges of the electrodes and
the inner surface of the skirt which separates one presampler sector from another.
A GEANT simulation of electrons in the intersector gap shows that the effect of the
crack on the energy measurement in the presampler is small.
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1 Introduction.

The presampler detector is a 11 mm thin active layer of liquid argon in front of the accor-
dion calorimeter and corrects for the energy lost in the material in front of the calorimeter.
In the transverse plane, it has a polygonal shape formed by 32 identical azimuthal sectors
per half-barrel, each sector spanning 0.2 in ¢ and 1.51 in . A sector is made of 8 modules :
each of the modules 1 to 7 covers 0.2 in n, while the module 8 at the outer end of the barrel
covers 0.11 only. The charge deposited by electromagnetic showers in the 11 mm thin
active layer is collected by 277.5 mm long electrodes which are arranged transversally with
respect to the longitudinal axis. The gap between these electrodes is kept approximately
identical at a value of 2 mm throughout the device, allowing to operate the presampler
with a fixed high-voltage of 2 kV. The electrodes are perpendicular to the longitudinal
axis, except for the modules covering —0.4 < 1 < 0.4 where they are slanted. Fach of the
supermodules has a kevlar skirt which protects the electrodes. This skirt covers the inner
surface of the presampler and the edges where the modules meet. More details about the
presampler construction can be found in the Liquid Argon Calorimeter TDR [1].

As shown on figure 1, there is a gap between the presampler sectors in the ¢-direction.
At the temperature of liquid argon, this gap is about 1.8 mm wide : the clearance be-
tween the skirts of the sectors is around 1 mm, while the skirt thickness is 0.4 mm. In this
region, no charge can be collected and, consequently, all the energy deposited there by
electromagnetic showers is lost. Furthermore, the distance between the skirt inner surface
and the copper edge of the anode is 2 mm. By making the inner surface of the skirt
conductive and connecting it to the ground compared to the 2 kV potential of the anode,
charge collection in this region is possible, which reduces the effect of the intersector gap.

In this note, the electric field and the charge collection are determined in the inter-
sector region. To study the effect of the crack on the energy measurement of electrons
in the presampler, a GEANT [2] simulation using the DICE 95 [3] framework has been
performed.

Figure 1: Zoom of the crack between the presampler sectors.



2 Charge collection in the presampler cracks.

In order to estimate the charge collection, a two-dimensional map of the electric field is
calculated using the PRIAM package [4], which solves two-dimensional Poisson equations
using a finite elements method. The collected signal depends on the charge drift and the
filtering performed by shapers in the electronic readout chain. Considering these effects,
an effective charge collection can be estimated.

2.1 Signal induced by charges drifting in an electric field.

The presampler anodes and cathodes (or the grounded skirt) can be sketched as shown in
figure 2. A charge g, which is at position T at time ¢ and which is drifting with a velocity
V in a local electric field E, induces an instantaneous current «(¢) given by [5] :
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Figure 2: Sketch of a charge drifting between the presampler anodes and either cathodes
or grounded skirt.

In the following, E and ¥ are assumed to be parallel. The NA48 collaboration has
measured [6] :

8.975
v [mm/us] = 0.1809 x E x In(1 + T) +1.4614 x E®?* with E in kV/em  (2)

If the electric field F is uniform, ¢(¢) remains constant until q, reaches the anode. As
a result, if one assumes that the ionisation is uniform all along a track, all the charges
produced give a triangular shaped current [(¢). The signals are then filtered with an
integrating preamplifier followed by a bipolar shaper. For the presampler, the shaping
function s can be expressed as [7] :
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Here # = t/7 and XA = 7,,/7 : 7 is the shaping time and 7,, = RoCy, where Ry is the
cable characteristic impedance and Cj is the detector capacitance.

The output signal®, which is related to the total collected charge and thus the deposited
energy, can be defined by :

tp

Signal = I.;/(tp) = / I(t)s(tp — ¢)dt! (4)

0

where tp is the peaking time of I.;¢(¢), from 0 to 100%.

In the case of a homogeneous electric field, the shapes of I(¢) and I.;4(t) are shown
on figure 3. Here, the calculation is done for module 5, which covers 0.8 < 1 < 1.0 and
for which 7,, = 11.1 ns, 7 = 13 ns and tp = 36.4 ns [§].
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Figure 3: Normalised current response of the presampler, before and after shaping : the
showers are supposed to be located in a region where the electric field is homogeneous.
For the response after shaping, each dot corresponds to a bunch-crossing.

If a charge drifts in a non-homogeneous electric field, the current i(¢) is not constant
anymore. When a charge q,, created in the crack, drifts towards the anode, the electric
field increases and so does i(t). To derive the signal, a numerical integration in two steps
is necessary. First, for each charge ¢, created in the non-homogeneous electric field, the
individual signal i.s¢(¢p) must be calculated following the charge along its drift line until
t reaches tp. The total signal I.;¢(¢p) is then obtained by adding the contributions of all
the charges created in the shower:
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A uniform ionisation is assumed in the crack.

!The equivalent current is used for the shaper output, which is an amplified voltage in reality.



2.2 The signal map in the presampler crack.

The crack region treated in this note has a non-homogeneous electric field. As stated
earlier, two dimensional fields can be calculated with the PRIAM package. The crack
region therefore needs to be simplified : to the first order, the field perpendicular to the
longitudinal axis can be assumed to be constant. The resulting two-dimensional geometry
of the crack region and the electric field map in the (1, ¢) plane are shown in figure 4.

Fr4 base of the anode
conductive copper layer (2kV)

E;{{*’{:W:l:i“///%% 2 %} é
B i Atih
e

ettt /;///4//;//MM !

L A M l
Rl NV NN (AN
- //////////////f 3
- P /////\//////ffj

I
e VMR ISR R OE ] é

I P LT ////M“Wf b

R e RN N /]//Hfj jwll e | b
B g RENRERRISEIRAREY 1
I . 111111 '{ I

AR AL
- Ll dgh] f { |

skirt (OV) |

conductive copper layer (0V)
Fr4 base of the cathode

Figure 4: Electric field map in the presampler crack region : the x-axis corresponds to
the ¢-direction, while the z-axis corresponds to the n-direction

: the arrows are vectors
showing the direction and the strength of the local electric field.

Using the method described in section 2.1, the resulting signal i.;s(tp) can be esti-
mated for charges located in each point of the crack region, as shown in figure 5.

To simplify, assume that the ionisation is uniform along the n-direction for each read-
out cell of the presampler in the crack, so that an average signal response in the ¢-direction
is derived by adding the contribution of all the points along the n-direction. The mean
signal response along ¢ is shown in figure 6, where the signal have been normalized to 1
in the zone in between the anode and the cathode where the electric field is homogeneous.



ii(te) (arbitrary unit)

Figure 5: Signal map in the presampler crack region, derived from the values of the
electric field in the crack region, after charge collection and signal filtering. The = and
z-directions are the same as in figure 4.
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Figure 6: Variation of the signal along the ¢-direction (x-axis) in the crack, assuming
uniform ionisation along 7.



3 Energy loss in the presampler crack region.

To derive the fraction of energy lost in the crack, a GEANT simulation of the ATLAS
detector is performed using the DICE 95 framework (version 96_12 is used for the detector
geometry). The standard presampler geometry is changed so that sensitive liquid argon
volumes are introduced in the crack. Thus, all the energy deposited in the crack can be
measured and a comparison can be done between the ATLAS designed presampler and
an "ideal” detector without any crack. Following the notation of the previous section for
the ¢-direction (z-axis in figures 4-6), the fully dead region (gap between protection skirts
and skirts) covers —0.9 < & < 0 mm and the region with reduced charge collection covers
0 < x < 3.1 mm. Two mirror imaged configurations like this give a 8 mm wide crack
region. Thus, half of the crack is a 4 mm wide volume, which in the simulation is divided
into 40 sensitive divisions, each of them having a 100 gm width in the ¢-direction. Figure
7 shows a transverse cut of the presampler geometry, as described in DICE 95.
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Figure 7: Presampler crack geometry as described in DICE 95.

To account for the charge collection calculated in the previous section, a signal response
weight w; is given to each of the sensitive divisions in the crack. The weight w; is the mean
value of the signal response in the slice. The fraction of energy which is not measured
because of the crack is then given by :
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Electrons of various energies have been generated at n = 0.9, in the crack region. To
allow a precise determination of the electron shower position in the crack, the magnetic
field has been switched off. This makes the simulation somewhat less realistic. However,
the magnetic field usually spreads secondary charged particles over a larger region. Thus,
the maximal loss determined here should be a conservative estimate.

Figure 8 shows which fraction of the energy is measured by the presampler, for three
different transverse energies Fr = 5, 10 and 20 GeV and when the generated angle is
between 0.088 and 0.108 (the middle of the intersector gap corresponds to ¢ = 0.098).
A cut of 10 MeV is applied on the total energy deposited in the presampler (this cut
corresponds to approximately 4 m.i.p’s). Notice that the loss in the crack increases when
Er increases. The greater the energy is, the later the shower starts to develop in the
cryostat and the narrower the shower is. Therefore, the maximal loss is slightly larger.
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Figure 8: Average energy collected in the presampler as a function of the position of the
electromagnetic shower in the crack. Electrons with transverse energy Er = 5, 10 and
20 GeV have been generated at n = 0.9. A cut of 10 MeV is applied on the total energy
deposited in the presampler.

The total surface of the cracks is about 1.5% of the total surface of the barrel pre-
sampler. To study the impact of the cracks on the energy measurement in the whole
presampler, 10000 electrons with Fr = 10 GeV have been generated at n = 0.9 and the
full 27 in ¢, with the magnetic field switched on. Figure 9 shows the probabilities of
mismeasuring the presampler energy because of the cracks.
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Figure 9: Probability that a fraction p of the presampler energy is lost due to the cracks.
Electrons with 7 = 10 GeV have been generated at n = 0.9 and a cut of 10 MeV is
applied on the total energy deposited in the presampler. If electrons create charges near
the edge of the anode, where the charge collection is maximal, energy can be gained and
p can be negative.

4 Comparison with the official presampler geometry
in DICE 95.

In the official DICE 95 geometry (versions 96_3 to 97_6), the crack is a 3 mm wide region,
which is completely dead. The kevlar skirts are included in the crack description and all
the liquid argon in this region is dead.

The effect of the 8 mm crack with a realistic charge collection is compared to the effect
of a 3 mm completely dead crack in figure 10, for electrons generated at n = 0.9 with
Er =10 GeV and with the magnetic field switched off. The 3 mm completely dead crack
gives slightly smaller losses than the 8 mm crack with charge collection, but the difference
is small. Furthermore, the shapes of the energy loss along the ¢-direction are very similar
for the two geometries.

The average loss obtained in the case of the 3 mm dead crack is 1.1% as shown in
figure 11, compared to 1.3% for the crack described in section 3. The average loss < p >
depends on the width of the dead crack, as shown in figure 12. If the width of the dead
crack was 3.6 mm, the energy loss would closely resemble the energy loss from the real
8 mm crack, with charge collection between the anodes and the kevlar skirt. Figure 13
shows the presampler geometry with a 3.6 mm dead crack. This tuned width of the crack
will be included in future releases of the DICE 95 presampler geometry.
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Figure 10: Fraction of the average energy collected in the presampler as a function of the
electron impact in the crack for a 8 mm wide region with charge collection (filled circles)
and a 3 mm wide completely dead crack (open circles). The response is given for electrons
having a transverse energy of 10 GeV and generated at n=0.9. A cut of 10 MeV is applied
on the total energy deposited in the presampler.
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Figure 11: Probability that a fraction p of the presampler energy is lost in a 3 mm
completely dead crack. The transverse energy of the electron and the cuts are the same
as in figure 9.
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Figure 12: Average probablity for loosing a certain fraction of the energy in the presampler
as a function of the "tuned” width of a completely dead crack. If the width is tuned to
3.6 mm, then the average loss is similar to the one obtained using a realistic 8 mm crack.
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Figure 13: Transverse cut of the presampler when the crack is a 3.6 mm wide completely
dead region, with the kevlar skirts inbetween the presampler sectors.
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5 Comments on the combined presampler and EM-
calorimeter measurement.

The energy of interest for physics is the one measured by the complete calorimeter system,
where the measurements of the presampler and the accordion calorimeter are combined.
The presampler is only used to correct for the energy lost before the calorimeter. Only if
the energy lost is large (which means that the electron showered before the calorimeter),
the presampler measurement is important. But, if the electron showers, the fraction of
energy which is likely to be lost in the crack region is small, since the shower is generally
smeared over an area larger than the crack. This is shown in [9,10], where the lost
energy considered is a fraction of the total energy deposited in the calorimeter system.
In that simulation, a completely dead region of 2 mm was considered. This optimistic
crack width gives approximately 25% too small losses for the presampler but one can still
safely conclude that the presampler crack has a small effect on the overall calorimeter
performance. In this note, the effect of the presampler crack region has been treated in a
more realistic way, considering a larger crack which closely resembles the final presampler
design but taking the charge collection in the crack into account. The main result is that
the influence of the cracks on the energy measurement in the presampler is small.

6 Conclusion.

The effect of the crack between presampler sectors has been studied in detail for the pre-
sampler engineering design. The local electric field has been calculated and the resulting
charge collection in the crack has been determined. Taking the varying charge collection
into account, a GEANT simulation shows that the effect of the crack on the presampler
energy measurement is very small. We conclude that a sophisticated treatment of this
crack will not be necessary in future simulations of the ATLAS detector. The width of
the dead crack in the GEANT simulation has been tuned to 3.6 mm in order to give the
same effect as the engineering designed presampler.
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