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Abstract

Л.A. Ledncv. Electron shower transverse profile measurement: 1HEF Preprint УЗ-152. -
Protvino, 1993. - p. 9, figs. 8, rv.fs.: r>.

Л method to measure the shower U""!!vcrsc profile is исспЬсч!. Calibration vinti ol' t'ie
lead-glass spectrometer GAMS collected in ;i wide electron btam without any additional coor-
dinate detector arc used. The method may be used for the measurements in both cellular- cud
projective-lype spectrometers. The results of measuring the 10 GeV electron shower profile
in the GAMS spectrometer, without optical grease between the lead-glass radiators and pho-
tomultipliers, are approximated 'vith ?.n analytical function. The estimate of f.he coordinate
accuracy is obtained.

Аннотация

А.А. Ледпен. Измерение поперечного профили электромагнитного ливня: Препринт
ИФВЭ 93-152. - Протвино, 1993. - & с , 8 рис., бибшюгр.: 5.

Описана процедура измерения поперечного профиля электромагнитного ливня па ши-
роком пучке электронов без иснольчоишня коордпнатшлх детекторов. Метод может гр!!-
меняться для измерения профиля лиш::: п спектрометрах как с ячеистой, так п проекци-
онной структурой. Приведены результат;.! нмерсняя лонорспюго профили лпвня, обра.-
зоваииого электронами с энергией 10 ГаВ к спектрометре ГЛМС при нпцдоглыюм опг::-
ческом контакте мо;кду ради:>'юрам;1 из сышцсиого CIUKJUI И фотоумио'.личелнык. Из:лс-
ренпый иро<{)11ль ошхеап апальткческой функцией. Получена оценка точности нэмерсш:я
коордипат.

Institixte for High Energy Physics, 1993.



1. Introduction

In the original GAMS design [1] optical grease between lead-glass Cherenkov
radiators and photomultipliers was used for the light collection. In 1986 a
special test was performed to study the influence of the optical contact on the
detector characteristics. As a result of the test we came to a convention not
to use the optical grease any more. The arguments for this conclusion are the
following.

Without grease the Cherenkov light of muons and non-interacting hadrons is
completely reflected from the radiator edge surface and does not enter the pho-
tocathode. So, the background from muons and hadrons is suppressed strongly
and one can reduce the threshold of the gamma detection. It was shown exper-
imentally that though the total amount of light incident on the photocathode
reduces by a factor of three no deterioration of energy resolution is observed.
The energy resolution of lead-glass calorimeters is based on the electromagnetic
shower fluctuations, the photo-electron fluctuations add a small value to it.

The non-ideal optical contact between the lead-glass radiators and photo-
multipliers results in the distortion of electron shower profile observed by pho-
tomultipliers. Cherenkov light from the central part of the shower is reflected
from the contact stronger than the light from the peripheral part, the shower
seems to be wider. The shower profile is not described by double-slope expo-
nential approximation any longer, contrary to detectors with the ideal optical
contact[2,3]. The real situation is even more complicated: since the radiators
and photomultipliers are in close contact, water interlayers appear between
them in a course of time, which partially restore the optical contact. So, in
GAMS-2000 a small signal from muons was observed again after several years
of operation. IIA this case the shower profile takes an intermediate position
between the case of ideal optical contact and the case with air interlayer.



The shower profile in GAMS used before [4] was corrected after the removal
of optical grease. The measurement of the parameters describing the electro-
magnetic shower is given below,

2. Data collection

A part of the data collected during the calibration of GAMS-2000 in a wide
10 GeV electron beam was used for the shower profile measurement. The selcc-
tion criteria were the total energy and x2 cuts. The last criterion is iterative:
each event was described with a single electron shower profile approximation,
events with x*/NDF > 5 were rejected and the shower approximation pa-
rameters were recalculated. 300,000 electrons were used lor the measurements.
The energy resolution of the detector was a/E = 3.1% for E = 10 GeV.

3. Measurement of electron coordinates

The simplest estimate of the electron coordinate Xc can be determined as
the center of gravity of the energy deposited in different cells:

where £",• is the energy deposit in the cell and X, is the coordinate of the cell
center. This estimate is unbiased only in the central and edge regions of the
cells. The bias for intermediate points increases up to 5 mm for GAMS cell
dimensions 38 x 38 mm2 [2].

Better results are obtained us>ing a correction function that depends only on
the coordinates of the center-of-gravity:

(2)

It is assumed that the correction does not depend on the shower width. As it
was described in our previous paj:>er [4], the pare: cetera of function (2) were
determined by minimizing the calculated electron distribution density against
the uniform distribution.

Figure 1 presents a pronounced periodical structure in the calculated density
of the coordinates of the center-of-gravity Xc while the true electron coordinate
density is alroost uniform during the calibration in a wide electron beam. The
center-of-gravity is a biased estimate of electron coordinate that caused the
periodical structure.



Figure 1. a) The distribution of the center-of-gtavity (solid line) and of the electron coordi-
nates calculated with (2) (dashed line) when the spectrometer exposed to a wide
electron beam,
b) The same distributions for the mean values over all cells (half a period).

The correction function Д (Xe) may be taken as an odd polynomial expressed
in units of the cell dimensions:

A(Xe) = а + c)*(t2 -h*(t> - q), (3)

where t = Xe — Xo (XQ is the coordinate of the cell edge nearest to Xc, —0.5 <
t < 0.5). The term t2 — 5 is introduced due to Xc being an unbiassed estimate
of X at the cell center, a, b and с are free parameters while q can be obtained
by equalizing the second derivative of the function to zero at the cell center.

If the irradiation of the spectrometer is uniform the density of the coordi-
nates of the center-of-gravity is proportional to the first derivative of function
(3) and the parameters a, b, с and q are obtained by fitting the experimental
density distribution of Xc.

ForGAMS-2000 a = -147, b = 0.115, с = 0.048, q = -0.385.
Figure 2 presents correction function (3) obtained for GAMS. The dotted

line in fig. 1 shows the density of electron coordinates calculated with the help
of function (2). The periodical structure has almost disappeared.

The above method of determining the parameters for the calculation of the
shower coordinates does not require any special measurement. The amount of
data collected for calibration allows one to neglect the statistical errors for the
parameters calculation, but the coordinate estimate obtained this way is biased.
There are two sources of distortion of the electron coordinate density: the cell
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Figure 2. The correction for calculating
the electron coordinates as a
function of the center of grav-
ity coordinates.

Figure 3. The estimate of the systematic
error in calculating the electron
coordinate.

dimensions and the fluctuations of energies deposited in the cells. Function (2)
corrects only the distortion caused by the celi dimensions. The error originat-
ing from the energy fluctuations depends on the electron coordinate, therefore
the measured density of the electron coordinate for uniform irradiation of the
detector and unbiased coordinate estimate will contain a periodical structure.

The systematic error originating from the energy fluctuations was estimated
in the following way: the uniform distribution of the impact electron coordi-
nates was generated, the energies deposited in the cells were calculated using
the shower profile approximation described in this paper, then the independent
fluctuations with normal distribution and 0"g = с у/Ё were added to the en-
ergy deposited in each cell. The constant с corresponded to the detector energy
resolution. The procedure described above was repeated and a function anal-
ogous tc (2) was obtained with the generated events. The difference between
this function and (2) is the estimate of the systematic error originating from
the shower fluctuations (see fig. 3). The maximum value of the systematic error
is 0.2 mm.

4. Electron shower profile calculations

Function (2) allows one to calculate the coordinates of the electron impact.
Then using the values of the energy deposited in each cell one can draw a
two-dimensional cumulative distribution [5], defined by
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(4)

where Ф(х,у) is the normalized (the integral over the total shower is equal to
1) energy density distribution. Ф(х. у) may be obtained differentiating function

(4)-
The energy deposited in the cell is calculated from values of the cumulative

function (4) in the cell corners:

d

where d is the cell dimension.
We used another method to calculate the energy density distribution that

is a little bit more complicated but uses the experimental data more efficiently.
First, a one-dimensional cumulative function was built using the electron coor-
dinates calculated with function (2) and the experimental values of the energy
deposited in each cell:

F(x) = J J $(x,y)dydx (6)
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Figure 4. Cumulative function (6) and its approximation with formula (7).

Figure 4 presents the average values (around 3000 events in each histogram bin)
of this function. The cumulative function was approximated by

7Г , = 1

(7)



The parameters obtained by fitting are
a! = 0.80, a2 = 0.30, a3 = -0.10, (ai + o2 + a3 = 1)
by = 8.0 mm, 62 = 2.0 mm, 63 = 76 mm.

The derivative ^ ^ is an x-projection of the transverse energy density dis-
tribution in the electromagnetic shower. The corresponding histogram and
function

f(,_dF(x) Ц а&

with the parameters mentioned above are shown in fig. 5.

(8)
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Figure 5. The X-projection of the transverse energy distribution in electron shower. Dashed
line shows its approximation by formula (8).

Since the transverse distribution of the electron shower energy in a uniform
detector possesses an axial symmetry, it can be expressed as a one-dimensional
function of radius Ф(г). In this case

$(r)rdr
(9)

This integral equation can be reduced to the Abelian equation replacing the
variables, that can easily be solved. Б'ог the case of (8)

(10)



5. Calculation of energy deposited in a cell

Function (10) yields an analytical expression for transverse energy distribu-
tion density in electron shower observed without optical grease. Integrating (10)
one can obtain the following approximation of the two-dimensional cumulative
function (4):

(i) + arctg(l) \ • (11)
4

There is no cell dimension d in (11), this formula is valid for a detector with
any cell size. The energy deposited in a cell is calculated from (11) with formula
(5).

Figure 6. The energy deposited in a detector
cell as a function of electron coor-
dinate X (Y=0). The dashed line
shows the same distribution for the
detector with optical grease between
the lead-glass radiators and photo-
multipliers.

Figure 6 shows the average value of the energj' deposited in a GAMS cell
versus the distance from the shower axis to the center of this cell for Y=0.
The same function used for GAMS with optical grease between the lead-glass
radiators and photomultipliers is shown in the same figure for comparison.

6 Shower fluctuations and the coordinate accuracy

To estimate electromagnetic shower fluctuations the electron coordinates in
caob event were determined by a fit and the energy deposited in each cell was
calculated with formula (5). The standard deviation for the difference of the
expected and measured energies is shown in fig. 7. The dotted line in the figure
shows the contribution of independent shower fluctuations. The fluctuations are



Monte-Carlo calculated with OE = &/Ё, where с = O.ly/GeV that corresponds
to the energy resolution of the spectrometer. The case when the fluctuations
increased two times is shown too.

Figure 7. The fluctuations of the energy de-
posited in detector cells. The
solid line shows the experimental
data, the dashed one is Monte-
Carlo simulation with indepen-
dent fluctuation corresponding
to the energy resolution of the
spectrometer, the dotted line ie
Monte-Carlo simulation with the
fluctuations increased by a factor
of 2.

Figure 8. The estimate of the coordinate
accuracy obtained by Monte-
Carlo simulation with indepen-
dent fluctuations corresponding
to the energy resolution of the
spectrometer (solid line) and
with the fluctuations increased by
a factor of 2 (dashed line).

A little more than half of the observed deviations may be explained by the
independent shower fluctuations. The remaining part can be attributed to the
correlations and fluctuations of the electromagnetic shower width, which study
is beyond the scope of the present paper.

The lack of independent measurements of the electron coordinates makes it
impossible to estimate directly the accuracy of determining the coordinate by
the technique described above. The indirect estimate was obtained from Monte-
Carlo simulation made for two values of energy the resolution. The results are
shown in fig. 8.

The accuracy of the coordinate measurements is proportional to the energy
resolution, varying from 0.4mm at the cell edge to 2.2mm at the center of cell
with mean value of <7x=1.5mm for the case of HE — O.'2y/E(GeV). This coincides
with the coordinate accuracy measured earlier in the GAMS detector [1].
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