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Abstract: A general approach to a fast simulation of electromagnetic showers
using parameterizations of the longitudinal and radial profiles in homogeneous
and sampling calorimeters is described. The dependence of the shower devel-
opment on the materials used and the sampling geometry is taken into account
explicitly. Comparisons with detailed simulations of various calorimeters and
with data from the liquid argon calorimeter of the H1 experiment are made.
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RADIAL PROFILE

Average radial energy profiles,

1 dE(t,r)

at different shower depths in pure uranium are presented in Fig.9l These profiles show a
distinct maximum in the core of the shower which vanishes with increasing shower depth.
In the tail (rR1R),) the distribution looks nearly flat at the beginning (1 —2X,), becomes
steeper at moderate depths (5 — 6Xy, 13 — 14Xj), and becomes flat again (22 — 23X)).
A variety of different functions can be found in the literature to describe radial profiles
114, 15|, 16} 17, 18, [5]. We use the following two component Ansatz, an extension of [3]:

f(r) = pfo(r)+ (1 —p)fr(r) (23)
B 2r RZ 2r R2,
- Phey }%)2 (=Pt Ry
with
0<p<L

Here R¢ (Ry) is the median of the core (tail) component and p is a probability giving the
relative weight of the core component. For the shower depth 1 — 2X the distributions
f(r), pfe(r), and (1 — p) fr(r) are also indicated in Fig.9.
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with
The following formulae are used to parameterize the radial energy density distribution
for a given energy and material: Zp =
T =1 / T ky
Ropom(T) = 21+ 27 (24) ks 0.645
Rrhom(T) = ki{exp(ks(T — k2)) + exp(ka(T — k2)) } (25) ks = —2.59
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LONGITUDINAL PROFILE

3.1 Longitudinal shower profiles — homogeneous media

It is well known that average longitudinal shower profiles can be described by a gamma

distribution [1]:
1 dE(t) (Bt)*' exp(—pt)
<57> -0 = L) )

The center of gravity, (t), and the depth of the maximum, 7', can be calculated from the
shape parameter o and the scaling parameter 8 according to

(87
ty = — 3
t) 3 (3)
a—1
T = . 4
5 (4)
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Average radial profile: layer 5
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The mean longitudinal profile of the energy deposition in an
electromagnetic cascade is reasonably well described by a gamma

distribution [59]:
(33.36)

Measurements of the lateral distribution in electromagnetic
cascades are shown in Refs. 61 and 62. On the average, only 10%
of the energy lies outside the cylinder with radius Rj,;. About
99% is contained inside of 3.5R);, but at this radius and beyond
composition effects become important and the scaling with Ry, fails.
The distributions are characterized by a narrow core, and broaden as
the shower develops. They are often represented as the sum of two
Gaussians, and Grindhammer [60] describes them with the function

2r R2
f(’f’) — (7‘2 +R2)2 )

where R is a phenomenological function of /Xy and In E.

(33.40)
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The distributions are characterized by a narrow core, and broaden as
the shower develops. They are often represented as the sum of two
Gaussians, and Grindhammer [60] describes them with the function

2r R2
r) = 33.40
where R is a phendmenological function of /X and In E.
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A program for the fast simulation of electromagnetic and hadronic showers using parameterizations for the longitudinal and
lateral profile is described. The fluctuations and correlations of the parameters are taken into account in a consistent way.
Comparisons with data over a wide energy range are made.
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3. Parameterization of eiectromagnetic showers

3.1. Longitudinal shower profile

fi(z)= x Ma) " with x = 8.z,

a, -1

e-X

parameters a, and £,. |
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3.2. Lateral shower profile

f(r) =

2rR §0

(’2"' Rgo)z‘

parameter R, as a function of shower energy E [GeV]
and shower depth z [in units of X, or Ayl

(Rso(E. z))y=[R,+(R,—R;sIn E)Z]n.
VR”(E’ z)

=[(S; =S, In E)(S;+ S,z){Rso(E, Z))]z- (7)

How to determine the three free parameters R1, R2, and R3?
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