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Abstract
Energy resolution of the accordion EM and hadron calorimeters for EM showers is discussed.
For low energy photons (E, < 0.3 T'eV) the energy resolution almost doesn’t depend on the
structure of hadron calorimeter. There is no significant deterioration of energy resolution for
HE photons (E, > 0.3 TeV') if the resolution of hadron calorimeter for EM showers is better

then 40%/VE.

Introduction.

The barrel accordion EM calorimeter proposed for the GEM detector is a sampling calorime-
ter which uses Imm thick lead plates with liquid krypton as active medium. It has 3 divisions in
depth (3Xo, 10Xo, 11Xo0) and provides 3 measurements of active energy e;, ez, €3 respectively. In
order to compensate for the deterioration of the energy resolution because of the dead material
in front of the calorimeter, a massless gap in the first section is used. To determine the energy
of incident photons, the signals from 5x5 towers are summed and ~ 95% of the total energy is
available for analysis. The remaining 5% of the photon energy consists of a missing energy -
forward, side and back leakages. The total energy is determined as

Etot = E5X5 + Emiuiﬂg:
where Egys and Epising are the estimations for energy deposition in 5 x 5 towers and missing
energy respectively. It is necessary to mention that fluctuations of the energies Esys and Epmissing
are naturaly separated; the first is determined by sampling fluctuations, the second - by leakage
fluctuations.

In the present design of the accordion calorimeter forward leakage is corrected with massless
gap ("hardware” correction) and should be included in the definition of energy Esys. For side
leakage only "software” correction is possible if the calorimeter has restricted transverse sizes.
Total epergy deposition in the EM section could be written as

Eem = Egxs + En'de,
where E,; . is the correction for side leakage.

Back leakage, which is essential for high energy photons, could be measured by first section
of the hadron calorimeter

Etot = Een + Epgd.

To get the results described in this note the MC simulation data prepared by M.Seman and
M.Leltchuk for the accordion EM calorimeter were used.
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1. Energy reconstruction in the accordion EM calorimeter.
Assuming the sampling ratio a is a constant as a function of the depth of the calorimeter,
the energy Esyxs should be proportional to the active energy

3
Egxs = 1/0-' Zei = E,.

=1

But it is not true for a sampling calorimeter even if it has a uniform structure in depth. For
example the sampling ratio for the unit cell of parallel plate calorimeter depends on the cell’s
number (Fig.1). In the first cells the sampling ratio is close to one for relativistic particles (0.39)
and decreases up to 0.28 in the last layers.

The accordion calorimeter isn’t uniform in depth and it is natural to assume that the
sampling ratio could be different for different sections of the calorimeter. For the present design
of the calorimeter MC simulation gives sampling ratios ay = 0.343, a; = 0.339, a3 = 0.313 and
E,, is not a correct estimation of energy Egyg. On the other side, it isn’t clear why the simple
sum (energy F,,) should give the best estimation for energy E.m or Ei. But the total energy
deposition in the EM calorimeter should be at least a linear combination of the amplitudes

€1,€24€3.
3
Eom = Zw;e;.
=1

The coefficients, w;, are found by minimizing the variance

n 3 . .

V=3 (1-3 wel/EL),
j=t1 i=1

where the sum 3°; is calculated over the data sample. The results of a calculation for the
coefficients w; (i = 1,2, 3} are shown in Table 1. '

E,, GeV] w wy w3 linearity, %
25 3.057 | 3.044 | 2.948 | —0.57 £ 0.03

40 2.992 | 3.048 | 2.953 | —0.07 £ 0.04

" 80 2,991 | 3.041 | 2.954 | 0.12+0.02
120 3.004 | 3.048 | 2.943 | 0.04 4 0.02
160 2.963 | 3.046 | 2.943 | —-0.01 £ 0.02
240 3.009 | 3.044 | 2.942 | 0.0110.02
320 2.999 | 3.040 | 2.946 | —0.09 & 0.02

Table 1: Weighting coefficients and linearity for different energies of incident photons.

The coefficients are almost constant with £y and the average values of the coefficients were used

in the calculation of energy resolution.
. By the same way it is possible to find optimal coefficients to get estimation for energy E;.

3
Etot = z: Wi€i.

izl



In Fig.2 the distributions for E,,, Eem and E, (E.) are shown. There is a tail at low energies
for the E,,, energy distribution because it isn’t corrected for back leakage and the correlation
between E.,, and active energy in hadron calorimeter (Ehq) is almost linear. Eunergy E,, is
corrected for the back leakage and there is no dependence on Ehg.. For the energy E,, it is an
intermediate situation. So the simple sum is naturaly corrected for leakage but the correction
isn’t complete.

Because of the fine longitudinal division of the EM calorimeter it is possible to correct
the energy E.n for back leakage using correlation between amplitudes ez and ey (software
correction”). For example in Fig.3 two-dimensional plot "E., vs ea/e;” is shown. One can see
almost a linear correlation between E.m and ratio e3/e;.

In Fig.4 the results of energy resolution analysis for MC simulation data are shown. The
four different methods described above were used to reconstruct the total energy. The points
for different energies E., are fitted by curve

ocg/E =B + A/VE.

The results of the fit are summarized in Table 2.

f method A,% J(GeV)| B, % ||
Eioe = Y7oy wig; 5.44 0.21
Ert = 33, € + corr(Ehgy) 5.39 0.18
Eiot = Eem + corr(esfea) 5.50 0.19
Etot = Eopn + corr(Eh,.) 5.28 0.15
statistical errors ~ 0.15 ~ 0.02 "

Table 2: Energy resolution (A) and constant term (B} for the different methods of energy
reconstruction.

2. Energy resolution for high energy photons.

For low energy photons (E, < 0.3 TeV), the back leakage is too small and the energy
resolution almost doesn’t depend on the structure of hadron calorimeter. In Table 3 the results
of simulation for different designs of hadron calorimeter are shown. '

| method %, LKT 4mm + Pb 3mm | %, LKr 8mm + Cu 27mm ||
Eror = Y 1y Wit 0.375
Ewe =k € + corr(Ehga) 0.364
Ef“ = Eem + corr(eg/eg) 0.366
Etot = Eem + corr(Ehqe) 0.335
statistical errors ~ 0.014

Table 3: Energy resolution for different types of HC (E, =320 GeV).

For high energy photons (E, ~ 0.3 ~ 4. TeV'), the back leakage is essential and could give a
main contribution in the energy resolution if the hadron calorimeter is not sufficient to measure
it. Unfortunately it isn’t possible to have a detaile MC simulation at high energies for different
types of the hadron calorimeter due to the huge amount of computer time required. In this note
I try to give some realistic estimation of the energy resolution for HE photons.

The back leakage was estimated with the assumption that the mean longitudinal profile of
the energy deposition in an electromagnetic cascade is described by a gamma distribution /1/.



dE (bt)*~lexp —bt
R I
where the distance ¢ is measured in units of radiation length and energy e in units of critical
energy. For photons with energies from 1 GeV to 100 GeV the energy deposition profile are well
described by the previous equation with ‘

(2 - 1)/b = in(e) + 0.5.

The scale factor b is in a range 0.4-0.6 for a variety of elements and has a weak dependence on
energy. For the accordion calorimeter (A=132, Z=54) b = 0.48 was assumed.

The mean fraction of energy { f) that escapes from the EM calorimeter (total length 24Xo) is
shown in Fig.5. One can see that even for 4 TeV photons, more than 93% of energy is deposited
in the EM section.

The EM section with first hadron section together is a typical example of a calorimeter with
different sampling ratios. The energy resolution for such kind of calorimeters is well described
by formula

(ce/EY = f-of +(1-f)-0?
where o, and o, are the energy resolution for EM showers in hadron and EM (o, = 5.3%/VE)
sections respectively. For example, in Fig.6 the energy resolution for parallel plate calorimeter
divided into two parts with rough (a = 0.15) and fine (a@ = 0.3) structure is shown. One
can see that the MC simulation (stars and circles} is in good agreement with the calculation
{solid line). Using the above mentioned assumptions the energy resclution for two values (o =

19%/vE, Cu 27tmm/LKr 8mm and o}, = 32%/vE, Pb 2Tmm/LKr 8mm) was calculated. The
results are shown in Fig.7-8.

Conclusion ' .

1. The simple energy sum is corrected for side and back leakages and is a good estimation for
the total energy if £, < 0.3 TeV. The energy reconstruction with optimal weighting coefficients
gives better energy resolution but the improvement isn’t significant.

2. For low energy photons (E, < 0.3 TeV) back leakage is quite small and the total energy
could be reconstructed using “software correction”. The energy resolution for EM showers
almost doesn’t depend on the structure of hadron calorimeter.

3. For high energies (E., > 0.3 TeV) when the back leakage gives the main contribution
to the energy resolution, the "optimal” method should give exellent energy resolution because
the energy E.,, is in a strong correlation with energy Eh, and could be corrected for the back
leakage. The simple sum method may give significantly worse energy resolution because the
correction for back leakage isn’t effective.

4. Assuming the constant term is 0.4%, there is no significant deterioration of energy
resolution for HE photons if the resolution of hadron calorimeter for EM showers is 40%/./( E)
or better (a > 0.04). '
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Calorimeter with varlablte sampling racio.
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Fig. 8 Energy resolution via the resolution of hadron calorimeter for photons with energy 0.5 TeV,
1 TeV, 2 TeV, 3 TeV, 4 TeV.



