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EGS has been used to calculate the electromagnetic energy resolution of a
liquid argon calorimeter for 1 < E £ 200 GeV at n = 0, and for E; = 50 GeV and
20 GeV at various angles in the barrel and across the barrel-endcap overlap. After
corrections with massless gaps, 98.3% of the solid angle 0 < 5 < 3 has a stochastic

resolution a < 0.25.

1. GEOMETRY

The geometry of the model is based on the liquid argon vessel quadrant drawing
of Oct. 22, 1990. The details of the simulation, including wall thicknesses and
locations, and the presence of polyethylene in the barrel section, agree with this
drawing, except that all walls are flat, not curved (Figure 1). Because the EM
sections are radially thin, the differences due to the curved surfaces are small. The
amount of dead material in the overlap region agrees with a GEANT calculation
that uses the complete geometry (Figure 2). The disagreement at 5 = 1.52 is due
to differences in the internal details of the coil. Of the 1.9X at n =0, 1.23 is due

to the coil.

Module walls and gaps and the structural washers are not included. The barrel
and endcap EM sections consist of a 1 cm thick strongback, a massless gap (mgap),
and 35 active layers. The mgap is 2 mm LAr, 1.5 mm G-10 and 2 mm LAr.
Each active layer is 4 mm pb, 2 mm LAr, 1.5 mm G-10 and 2 mm LAr. All
structural members are aluminum. A third massless gap is located at the end of

the barrel calorimeter, adjacent to the polyethylene. (It is perpendicular to the



One hundred showers were generated for each case. The energy deposited in
each object (for example, a wall, LAr layer, or G-10 layer) was recorded for each

shower.

2. MASSLESS GAP CORRECTION

The energy deposited in the massless gap layer is scaled by an energy and angle
dependent scale factor to correct for the energy deposited in dead material before
the calorimeter. In cases where there is significant energy deposited in only one,

not both, of the barrel and endcap sections, the total deposited energy is:
Esum = Epar + angmga (1)

where EJ 4, is the energy deposited in the 35 active LAr layers, Em, is the energy
deposited in the massless gap, and amy is the massless gap correction scale factor.
For no mgap correction, amg = 1. amy is calculated from the 100 showers at each

angle:
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where s = 0.0896 is the sampling fraction predicted by EGS. The value of am,
ranges from 1 to 8 for the cases studied. The definition of am, ensures that the

response of the detector is linear.

For 1.24 < n < 1.32, there is significant energy deposited in all three of the

massless gaps. Each mgap has a scale factor. For the third mgap,
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where Epoy is the energy deposited in the polyethylene. Of the other two mgaps,

the correction factor for the mgap with the lower energy is
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where E!_ _, is the energy lost in the dead material before the barrel mgap or



between the barrel and endcap mgaps. For the higher energy mgap,
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The total energy is then
Esum = Epar + angE:ng + af'n,Ef’::g + a?ngEPOlv' (6)

Ej . is either the barrel, the endcap, or barrel plus endcap liquid argon energy,

depending on the angle.

3. ENERGY RESOLUTION AT =10

Showers were generated at incident energies of 1, 2, 5, 10, 20, 50, 100, and
200 GeV. The energy deposited in each 10 cm square region — representing ap-
proximately 0.05 by 0.05 towers — was recorded for each LAr layer. The results

are based on sums over a 5 by 5 or a 3 by 3 array of towers.

The stochastic resolution is plotted as a function of energy, with and without
mgap correction, in Figure 3. With mgap correction, the data for energies greater
and or equal to 5 GeV are consistent with a resolution of 0.11 +/- 0.01. These
vahies were found using a Gaussian fit to Esum; results using the mean and rms of

the distribution differed by much less than the size of the error bars.

The resolution calculated using a 3 by 3 sum, with electronic noise, is un-
changed with noise levels appropriate for preamps in the LAr. For preamps outside

of the cryostat, the larger electronic noise slightly degrades the resolution at lower
energies (E < 20 GeV).

The linearity of the calorimeter is represented by a plot of E,y;, (with no mgap
correction) divided by incident energy as a function of energy (Figure 4). There
is no evidence for any nonlinearity above 100 GeV. This does not indicate that
there are no mgap or leakage corrections at high energies — it indicates that the
corrections are approximately constant with energy for this range of energies. (For
both 100 and 200 GeV the corrections total 1%).



4. ENERGY RESOLUTION AS A FUNCTION OF 7

The E, resolution at each angle is calculated at E; = 50 GeV (and, in some
cases, at Ey = 20 GeV) using the mean and rms of E,um. The stochastic term a,
assuming o,/ Ey = a/V/E\, is plotted vs 5, with and without mgap corrections, in
Figure 5. In Figure 5(b), the dashed line displays the expected variation of a with
angle due to the changing incident energy and effective plate thickness: a = ag in
the barrel region and a = agvtan 8 in the endcap. Plotted is ag = 0.11; the data
indicate that ag = 0.110 £ 0.004. The solid line is an interpolation based on the
amount of dead material before the LAr. The resolution in 1.44 < < 1.62 depends
on the distribution of material in the coil, but is in the range 0.07 < a < 0.14.

Figure 6 demonstrates that the third mgap following the polyethylene substan-
tially improves the resolution at the boundary between the barrel calorimeter and

the polyethylene, but otherwise has no effect.

The resolution for Ey = 20 GeV is shown in figure 7. The stochastic term is
somewhat worse in regions with substantial amounts of dead material before the
Lar.

After massless gap correction, 98.3% of the solid angle has E; resolution e <
0.25, while 95% has a < 0.18. The mgaps also ensure that the response of the

calorimeter at high energies is linear.



FIGURE CAPTIONS

1) Structural supports included in the EGS model. The cutout corner of the
barrel calorimeter (1.25 < n < 1.32) is filled with polyethylene. The coil is
made of aluminum at relative density 0.313. The dotted lines are some of

the angles for which the resolution has been studied.

2) Dead material (Xj) before the active region of the calorimeter, as calculated
by GEANT (histogram) and EGS (points). For 1.25 < n < 1.32, the first

massless gap is after approximately 4Xp.

3) Electromagnetic resolution vs incident electron energy at n = 0, (a) with no

massless gap correction, {b) with massless gap correction.

4) Fraction of total energy deposited in the liquid argon vs incident energy at

7 = 0, with no massless gap correction.

5) E,; resolution of the liquid argon EM calorimeter as a function of 7, for
E; = 50 GeV; (a) no massless gap corrections; (b) including massless gap

corrections.

6) Effect of the massless gap following the polyethylene; diamonds are resolution

with the mgap, squares are resolution without.

7) E; resolution for E; = 20 GeV. The solid and dashed lines give the resolution
curve for FE; = 50 GeV.
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Resolution without Mgap Correction
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EM Linearity without Mgap Correction
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LAr E; Resolution vs Eta
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Resolution with and without Third Massless Gap
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