


1. Introduction

" Future high energy physics experiments at a new generatlon of hadron collldmg
beam accelerators’ will impose stringent requirements on particle calorimetry. Good
energy and space resolution, fast response and high radiation resistance are requrred
Lead-scintillating fibre (SciFi) calorimeters are attractive candidates. * Several
experimental groups [1-6] have been carrying out research work in this field for the
last few years.

In the present paper we analyse the eﬁ'ect of a variety of calorimeter parameters
on the energy resolution of SciFi calorimeters using the Monte Carlo (MC) method.
The parameters include the passive (absorber) to actlve (fibres) matenal volume-ratio,
fibre radius, reflectivity (light reflection coefflcnent at fibre end), transparency of fibres,
and the tilt angle (i.e. the angle between the pamcle direction and the fibre axis). When
possible we compare MC results with the ex1stmg expenmental ‘data

We conclude by deriving an expressnon for the energy resolutlon as‘a functlon
of the basic calorimeter structure parameters

i

2. Simulated Setup

We simulated a calorimeter block of the volume 20 x 20 x 40 cm?. To compare
our resuits with experiment as well as to study the influence of energy leakage on.
energy resolution, results from a sub-block of smaller dimension was also extracted in
some cases. The MC code is based on the GEANT 3.15 package [8]" . The passive
material has been treated as a homogenous mixture of lead and epoxy glue. The kinetic
energy cut-offs for both electrons-and gammas have been taken 10- keV. Delta
electrons over an energy threshold of 10 keV have been generated explicitly. Our
simulations have been carried out for a broad set of input. conditions, in some cases
chosen in order to compare with existing experimental data, including:

o material volume ratios (lead: glue: fibre) of:.1:0.17: 1, 1.8: 0.085:1, 4: 0.0425: 1,

e tilt angle values of : 0.5°, 2°, 3°, 5°, 10°%;

o fibre diameters of : 0.5 mm, 0.75 mm, 1.0 mm and'1.5 mm;

e other fibre characteristics such as the attenuatlon length and the reﬂectnvnty at the
fibre end have also been treated. .

The fibres were placed in a hexagonal matrix with each fibre equndlstant to its
_six neighbours. The simulations were carried out for a square beam of 1 x 1 cm? of
“uniform illumination. To investigate the effect of the fibre spacing on the energy
resolution a narrow beam (beam spot area comparable with ﬁbre spacmg) was used in -
some cases! :

The energy resolutlon was analysed usmg the formula:

g
.y Z J—Qb (1)

*We confromcd the calculations based on GEANT 3.15 with those based on GEANT 3. 16 and no
substantial changes were noticed.
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The stochastic (sarnpling) coefficient given by the square sum of two terms ' .
"a-,/a, +a2 represents the combined effect of sampling (ay) and photostatistics - -

fluctuations (a2) The coefficient b characterises non statistical effects that degrade the
energy resolutlon such as non- unlformlty in the fibre spacing, energy leakage light
attenuation in the fibre, etc. The operation ® means that the stochastic (a/ JE E’) and
constant (b) terms are summed quadratically.

3. Simuhtion Results

3 1 Inﬂuence of Reﬂectlon 'md Attenuatlon Length
, A detailed MC analysis: of the SClFl calonmeter energy resolutxon dependcnce
on fibre reﬂectlvxty and attenuation length was carried out. for a sub-block of .the
volume 10 x.10 x 30 cm3 This. was done for. absorber-to-fibres ratio of 4:1, fibre
‘diameter of 1 mm, tilt angles of 0. 5° 2° 3° 5°, 10°, reflectivity values of 0%, 40%,
70%, 100% and attenuation lengths of o, 150 cm, 75 cm, 50 cm. The energy
resolution was studied for the incident energies 1, 5, 10, 20 and 40 GeV. To simulate
the reflectivity and light attenuation in fibres, the energy deposued in the fibres has
been multiplied by the following empirically determined weight factor [1]
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Fig:1. Energy resolution as a function of 1/NE for four values of attenuation length
and reflectivity. (Tilt angle = 3°, Packing ratio (Absorber: Fibre) = 4: 1, Fibre
diameter = 1 mm) ‘ co
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where / is the distance from the place of energy deposit to the place of light collection,
L is the fibre length, A is the attenuation length and r is the reflectivity of the fibre end
(away from the place of light collection). '

The results of the simulation for a tilt angle of 3° are presented in Fig.1. From
it can be figure out. that the influence. of the light attenuation is more .significant for
lower values of the reflectivity (Fig.1a, 1b). When the level of the reflectivity is more
than 70% and the attenuation length is longer than the fibre length the energy
resolution is practically the same for all cases. If the tilt angle is greater than ~1° the
dependence of the stochastic term on reflectivity and light attenuation is weak.

The constant term in the formula (1) for the energy resolution as a function of
the tilt angle for different values of reﬂecnvnty and attenuation length is plotted in
Fig.2. From this figure we see that the constant term noticeably depends on the
attenuation length at low levels of reflectivity (<40%). At high values of reflectivity
(>70%) the effect of light attenuation is partially compensated (Fig.2¢, 2d).
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Fig.2. Constant term in the formula for th’e‘ene‘rgy’*r"esolutibn “as a function of the
attenuation length and reflectivity. (Packing ratio (Absorber: Fibre) = 4: 1, Fibre

 diameter = 1 mm). The curves have been’drawn only to guide the eye.



The dependence of the constant and stochastic terms on reflectivity for a tilt
angle of 3° is shown in Fig.3. The stochastic term (Fig.3a) is practically independent of
reflectivity and -attenuation length at this and all others different tilt angles. The

constant term (Fig.3b) shows a stronger dependence on reﬂectlvrty than the stochastic
one, especially for short attenuation lengths. ' :

.. We conclude that the dependence of the SciFi calorimeter energy resolutlon on
reflectivity and attenuation length is weak at attenuation lengths greater than several
(2-4) fibre lengths. At the shorter attenuation lengths the dependence is. noticeable but
influence only the constant term. At high values of reflectivity this effect is partially

1704 - 607 "
N —ed=infn : RERY R —eAsinin
a) ~ =150 ! — .- a=130
16.54 . . 554 . P Ty L -
' : - a= 50
E o T N
& 1601 Eso 1
-2 ®
g5 2451 = !
ER 3 R
1504 4.0 :
14§ gy — v , . 35 T : T r "
0.0 02 . 04 067+ 08 10 Tl o0 02 04 06 08 1.0
Refkectvity ; Reflectivity

Fig.3. a) The stochastic term as a function of reflectivity.

b) The constant term as a function of reflectivity.
(Tilt angle = 3°, Packing ratio (Absorber: Fibre) = 4: 1, Fibre diameter = 1 mm) The
curves have been drawn only to guide the eye. :
compensated This behaviour is not strongly dependent on the tilt' annle although the
effect is somewhat diminished when the tilt angle increases. :

3.2 Inﬂuence of Tilt Angle
An influence of the tilt angle on the SciFi energy resolution was noticed early in

SciFi calorimeter tests [2]. To investigate the tilt angle influence we simulated the
setup at five different tilt angles (0.5, 2, 3, 5, and 10°) for the fibre diameter of 1 mm

and absorber-to-fibre volume ratio 4:1. The results for the energy resolution are ‘

presented in Fig. 4 and Table 1.
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| 10.0°

tilt angle ].2.0° I3.00 | 5.0°

a 27.2440.43 16.6740.13 15.8340.57 15.11+0.26 13.4630.21

b 6.6540.20 4.4440.06 3.6310.20 2.3140.14 0.00+0.20 ]
72 / ndf 0.29 ().()65 2.67 0.48 0.51 Al
Table 1. Energy resolution coefﬁcrents a and bvs. the tilt angle at fibre-to- lead

ratio 1:4 and fibre diameter of 1 mm.
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Fig.4. Energy resolution as a function of INE for four different tilt angles.(Packing
ratio (Absorber: Fibre) = 4: 1, Fibre diameter = 1 mm)

The strong influence of the tilt angle on the energy resolutlon is obvious from Fig. 4a,
where the results for the tilt angles of 0.5° and 10° are compared. The stochastic and
constant terms as a function of tilt angle are given in Fig. 5. The constant term
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Fig.5.. a) The constant term as a function of tilt angle.
b) The stochastic term as a function of tilt angle. N
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decreases almost linearly to zero at an angle of 10°. The stochastic term depends very
weakly on the tilt angle until the tilt angle is less than ~2°. This term dramatically
increases for small tilt angles because of the greater sampling fluctuation in these cases
(see part 5). '

3.3 Volume Material Ratio Influence

The results of simulations discussed so far were obtained for the calorimeter
block very similar to a SPACAL SciFi calorimeter module which was built with a 4: 1
packing fraction in order to make it compensating [2]. To find the dependence of a
SciFi calorimeter resolution on volume ratio we have simulated the SciFi calorimeter
response for three absorber-to-fibre volume ratios: 1:1, 1.8:1 and 4:1. The dependence
was investigated at a tilt angle of 3°. The simulation results presented in Fig.-6 show
that this dependence is strong. The energy resolution is improving significantly when
the ratio is changed from 4:1 to 1:1. In Fig.6, the energy resolution has also been
plotted as a function of the sampling fraction, i.e. the ratio of the energy deposited in
the active material (fibres) to the total energy. The dependence of the stochastic (Fig.
6b) and constant (Fig.6c) terms on the sampling fraction are also shown. The energy
resolution as a function of the sampling fraction is plotted in Fig. 6d for 10 GeV
incident partrcles
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Fig.6. Effect of sampling fraction on energy resolution. (Tilt angle = 3°, Fibre
diameter = 1 mm)

From the presented results it is clear that the energy resolution becomes better
if the sampling fraction increases. The dependence is significantly strong for both the
constant term and the stochastic one . A more detailed analysis of influence of the
sampling fraction on energy resolution will be given in the next paragraphs.

3.4 Fibre Diameter Influence

A SciFi calorimeter response for a wide beam (global response) is built up of
the local responses measured at different impact points (a detailed analysis of the
relation between SciFi- calorimeter global response distribution and its local one is
made elsewhere [7]). If the structural non-uniformity of the SciFi calorimeter becomes
large, its energy resolution degrades because of the greater response non-uniformity. °

To reduce these fluctuations while keeping the absorber-to-fibre volume ratio constant,
more fibres should be employed with the fibre diameters being reduced. We have
investigated the SciFi calorimeter response with a volume material ratio of 4: 1 at
different fibre diameters (0.5 mm, 0.75 mm, 1.0 mm, and 1.5 mm). Calculations were
carried out for a set of incident energies: 5, 10, 20 50, and 100 GeV. In Fig. 7a, we
compare the energy resolution for two diameters (0.5 mm and 1.0 mm) as a function of
incident energy while in Fig 7b the energy resclution at 10 GeV is shown as a function
of fibre diameter. The strong influence of the fibre diameter on energy resolution is
evident. We see that a reduction of fibre diameter leads to a significant decrease of
both the -sampling fluctuations " (stochastic term) and- the. structural non—unrformrty
(constant term)
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4. Compnnsons with Experlments

Comparison . of the srmulated results wrth experrment is very |mportant for L

judging of the predictions made on the basis of MC results.. Hence, when possible, we
have compared the .results of our simulations with experimental  data. -In -these
simulations we have tried to.take into account all. nuances of the experlment being
compared with.



We have simulated the
calorimeter tests described in

Y]
.

v Experimental Points PS [4]
I i , the paper of Dagoret et al. [4].
— 10 2 Bxperimental Points S [4] In their calorimeter the fibres of
¢| SpsDaaFe4) E 0.5 mm diameter were used and
. v PR » lead was used as an absorber
g6 lpeseael material. In that paper a
3 4 v oo MC Simultion Fit significant difference between
4 = -1 2t 0350 H
29 B Y e o rhe energy resolution measured
3 a : b 0361 026 in the PS and SPS beams is
o 0 o os o8 To reported. Both the experimental

data and our simulated results
are plotted in Fig.8. Note the
discrepancy between the high
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Fig.8. Experimental points [4] compared wrth our

simulation results. (Tilt angle = 7.2°, Packing ratio

(Absorber: Fibre) = 1.8: 1, fibre diameter = 1 mm) energy SPS and the low energy
: B o PS data. The simulation is in

good agreement with the
expenmental data measured in the SPS beam. In this case the resolution coefficients a
and b for both the-MC and experiment comply with each other in the limits of erfors.
We have also compared our simulations with the results from the SPACAL
collaboration [2] (Fig.9). Here the difference between the experimental and MC
resolution is large, especially in the constant terms which differ significantly: 1.99 %
(experiment) vs. 3.57% (MC). Although we are not posmve of the source of the
discrepancy, we believe it could be due to the "narrowness" of the beam used in the
experiment. The reasons are as follows. The response of a scintillating fibre calorimeter

strongly depends on - the
position of the incident electron
impact point (i.e. how far from
a fibre is ‘the point of impact)
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- Fig.9. Experimental points [2] compared with our . Case of narrow beams (where
simulation results. (Tilt angle = 3°, Packing ratio the effective beam diameter is

(Absorber Flbre) 4 ] ﬁbre drameter =1 mm) #less then /or comparable with /
the fibre-to-fibre distance).
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; To understand  the
magnitude of the effect, the

::” ; enérgy resolution dependence
~ ¢o 1 [} on the beam width has been
it i investigated by.  MC
g 5:0 'simulatlons. We used a 10 GeV
?i: 4] II incident electron energy, a 4:1
= 0l lead-to-fibre volume ratio and a
;5,“3.5 . i : tilt angle of 3°. A square beam
=\3.0- Incident Particle Energy = 10 GeV proﬁle was used. The beam axis

o o o o o 1o has been pointed to a point
Beam Width [ om ] with  the average local

Fig.10. Energy resolution as a function of beam size. esolution (see below). Results

(Tilt angle = 3°, Packing ratio (Absorber: Flbre) = are presented in Fig.10, The
4: 1, fibre diameter = 1 mm) SPACAL . collaboration has

measured their energy
resolution at 40 GeV for dlfferent impact positions [2]. They. found oscillations in the
energy resolution as the impact point scans across from fibre to fibre with the best
resolution occurring when the beam is situated between the fibres. These oscillations
neatly demonstrate the dependence of response on impact point seen by MC (and
cannot be explained by e.g. the fibre-to-fibre response fluctuations). From our point of
view the energy resolution is a global characteristics of calorimeter and therefore "the
wide beam" should be used for finding it. Our explanation of the discrepancy is that the
resolution reported by the SPACAL is a "local" one which could be caused by the
effectively narrow beam used in their experiment. To demonstrate this we" have
simulated calorimeter local responses (the zero-width beam fixed at a certain point) at
100 different impact points for 5 and 40 GeV incident particles (electrons).The impact
points have been chosen randomly over an area of 1 cm2. At each point a set of events
has been simulated (about 100 events per point) resulting, at last, in a local response’
distribution. As a result we have got 100 local response distributions at both incident
energies.’ From these two sets of the:local distributions we extracted the average
responses and. standard deviations and used them :for, calculation: of - the local
resolutions-at all impact points for the both incident energies: The mean value (m.v.) of
local resolution’(calculated from the set of local resolutions for different impact points)
was 7.13% and 2. 76% and correspondmg standard deviation (s.d.) was 0.69% and
0.40% for- the incident energies 5 and 40 GeV, respectively. It is interesting to
compare the MC local resolution distribution at 40:GeV (m.v. = 2.76% and s.d. =

, 0.40%) with the resolution distribution measured by SPACAL (m.v.=3.85 %. and

5.d.=0.43%). The average SPACAL resolution at 40 GeV (3.85%) is worse than the
MC average local resolution (fixed zero-width beam) (2.76%) but is better than the
MC resolution for wide beam (4.5%). That is why we think that the curve presented in
the SPACAL. paper is a resolution correspondmg to the used narrow (effectively)
beam. In this case the constant term is underestlmated More detalls can be found in

[7].



We have also simulated
: a calorimeter block with the

5} o MC Smiations lead-to-fibre ratio 4:1 and fibre
o v Expeimat diameter 0.5 mm and compared

—44 MC Simuhtion Fit g . . .
= — , it with the experimental results
i I presented by Badier at al. [5].
- I L, -4 In Fig.11 our MC data and the
n; N I-“__f'_,g»-"Emrmm Data Fi experimental ones are
g T s 1052 02 compared. A satisfactory
. v o b nna oo agreement between the MC and
by o1 02 03 experiment has been achieved.

, VEY (17 6V From this comparison we
Fig.11. Experimental points [5] compared with our further see that the calorimeters
simulation results. (Tilt angle = 2°, (Absorber: using fibres with diameter 0.5
Fibre) = 4: 1, fibre diameter = 0.5 mm) mm _have an  acceptable
constant term, 1.€. an

acceptable level of response non-uniformity also at the compensating absorber-to-
fibres ratio 4:1. o _
‘ To investigate
calorimeters with a  high
s : sampling ratio, we . have
{1 Experimental Resoktion : . simulated a calorimeter. similar
’ © MC Resolution - - to-that used by Hertzog et al.
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g 10- Fit e=c/(®) ; [3]. In this case the fibre-to-
5 et . lead-to-glue .volume ratio was
& s - " 50:35: 15 and a tilt angle was
e LT 5.6°. From Fig.12 we can see a
S ‘ B . satisfactory agreement between

.
4

PRI SR SR E SEE R MR S - our MC and the experiment.
T . Energy [GeV] ~ T Some , differences . higher
"';Frg 122 Expenmental points [3] compared wrth our energles could be caused by the
‘simulation results. (Tilt angle = 5.6°, Packing ratio . 1¢r8Y leakage presented in the
 (Fibre: Lead: Glue)=50:f35: 15, fibre diameter = 1. experimental calorimeter block
;m'm) s - o ST f - ~because its depth was only 12.5
Ll radiation lengths while in the
MC we used twrce as depth The ﬁt to the energy resolutlon [3] o/E =6.3%/ VE and
no constant term was consrdered in thelr paper

5.A Simple Parametrization Formula for the Stochastic Term
We have analysed the dependence of -the energy resolutivonlon various SciFi

‘calorimeter parameters. It was shown in the previous paragraph that the results of our
simulations are generally in good agreement with experimental data. We now attempt
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to derive an expression for the stochastic term as a function of the samphnrz fractxon
fibre diameter and tilt angle.

Let us assume that a shower is initiated by an incident particle, with the tilt
angle 0, in a calorimeter with the sampling fraction S; and fibre diameter d. Assuming
that in average a shower particle deposrts an energy ¢, in fibre at one crossing, we can
conceive the shower as

N=L @

Qur *
energy spots distributed in a calorimeter accordmg a shower profile function. In such a
way the calorimeter sampling fraction can be treated as a probability that the energy
spot ¢, would be deposited in active medium. Hence, the number of spots deposited in
active material is a binomial random variable but for small S (S;<<1) and large N the
binomial distribution goes to a Poisson one. Therefore for the average number of spots
deposited in the fibres and its standard deviation we can write . '

E @),

and

7= o

Hence for the resolution we. have (assummg the constant term |s zero)

O-= cﬂ'

\/___ ‘.. - | . - (6). :

.It should be noted that at high. samplmo fractlons the Porsson character of energy

deposition_ dlstrrbutron disappears and the standard devratlon of bmomlal drstnbutron

(1 S ) should be used In most condmons the samphng fraction is less than -
10 % (the samphng fraction for volume fibre.to lead ratro 1
and hence the Poisson approxrmatron is sufﬁcrent - ;
' From eq 6'it follows that the stochastlc term coeff crent ais glven as a ﬁmctron of b

and Qur (a— " : ) with'a. dependence on. the trlt angle and ﬁbre dlameter hrdden in-

n

qdr As the quantrty qelT has been rnterpreted as an- average energy Ioss of shower
particle in fibre at one crossing we can express it as - :

1s"approx1mately 10 %) -

Qo = CONSL

sinfy

-where- d_is the fibre diameter, and Odr is. an effectrve angle between the pamcle

direction and fibre axis. | o s

To find- a ‘dependence of 6fr on. the tllt angle 6 ‘we, have supposed that
electromagnetic shower consists of two-kinds of particles: - ol
1) the shower core ones characterised by the effective angle 6.~06, and

11



- 2) the shower halo ones which are independent on the incident particle direction
and their directions are isotropically distributed and thereby could be characterised by
an average effective angle 8, = n/2.

Consequently, for the quantity g, this gives

fod | 2 1Y (-d- ( ! 1)+|1 8)
= IAYAN? = CONS W ———— :
Gor = cOMT=¢ Lsi n 9 sin@ J ‘_ ing _I i

where, d is the fibre dlameter wis the weight of the core shower particles, and 8 is the
incident particle tilt angle.
Finaily, the stochastic term coefficient a reads

e fE ,) S
= Gee T ©

where, ¢ and w are the calorimeter parameters to'be found. '

Note that the formula'(9) has a natural minimum at 6 = n/2- when' the incident
particle direction is perpendicular to fibre axis..On the other hand the singularity at 6=0
is not principal as the expression (8) is clearly not valid for very small angles (sinf <
d’L, where L is the fibre length). The singularity could be removed by replacing sin 6
by sin(6 +8.) in (8) and (9), in which 0_ defines marginal (6 — 0) value of g, .

To fix the parametrization (9) we have fitted the simulated results presented in the
previous paragraphs by means of MINUIT minimisation code [9] and have obtained
the following values for the fitting parameters: ¢ =, /7.2 # 1.0 and w =.0.04 +0.01 "
Finally, the stochastic term coefficient a can be expressed as: '

d ~\/0.04(i0.01)-(—.—l—- l)+l (10)
~ sin@

a=172(x10)-

. ‘A comparison between the stochastic term coefficients calculated by MC
snmu]atlon and those calchlated using the formula’ (lO) is shown'in Tab. 2. Takmg mto
account the companson between the MC and experiment (see paragraph 4) as well as
the comparison. in Tab.2 one can conclude that the semiempirical formula (10)
descrlbes the Sanx calorimeter stochastlc term coefficient asa functlon of the sampling
fraction, fibre diameter and tilt angle falrly well.

From our pomt of view a parametnzatlon similar to ‘that glven by (10) could be
applled to any other samplmg type of electromagnetlc calorimeter and possibly also to
‘hadron ones. It should be also noted that the similar results, as to the dependence-of
‘stochastlc term on the samphn" fractlon and thlckness of active layer, were obtained by
R.Wigmans [10].

L H B

Conclusion

The ‘énergy resolution “of electromagnetic - SciFi calorimeter has been
investigated for a variety of the calorimeter parameters (the sampling fraction, tilt
angle; fi bre’ dlameter attenuation length and reflectivity). The Monte Carlo results have
been compared with cxpenmental data. Good agreement between the Monte Carlo and
experiment "has‘been ‘found. " A’ simple semiempirical formula for estimation of the

12 )

stochastic term coefficient as a function of sampling fraction, fibre diameter and tilt
angle has been obtained. ’

Ay Aot Tilt Angle | Sampling | Fibre
' Fraction - | Diameter
[(GeV)™] | [¥6(GeV)*] [ deg ] [%] [ mm ]
4.25 3.99 + 020 15° 1 9.09 0.50 - '
5.59 530 £ 0.27 15° +]5.25 0.50
6.54 6.13 + 0.31 15°. 3.83 - 0.50
7.15 6.79 "+ 0.34 15° 3.21 1050
7.71 771 + 0.39 15° 2.76 0.50
8.21 832 £ 0.42 15° 2.43 0.50
5.20 456 + '0.23- | 15° ~219.09 0.75
6.84 636 + 0.32 15° 5.25 0.75
8.01 7.66 + 0.39 ‘15° 3.83+ C 10750 ol b
8.75 ‘854 + 043 15° - - 3210 0 075 s
9.44 9.15 £ 046 15% ceoa 1276 00750 R
10.06 10.17 + 0.51 15° 2.43 0.75
6.01 ] 5250+ 0.26 15° C 1909, s B XU
7.90 797 + 039 |15° 5.25 BT B
9.25 882 + 044 15° 3.83 1.00
10.11 1032 £ 0.52 15° oo 320 e e 00 s b
10.90 1133 = 0.57 15° . 2.76 1.00
11.61 “f12.01 060" 15°%. - 1243 . 1.00 0 vt
14.85 15.80 £ 0.58 3° 230 -] 1.00
10.06 10027+ 015 - 3% ' "o 15,01 - |-1.00 :
772 oo ) 706 £ 010 0|30, ] 8.50 1.00 ¢
11.60 10.98 + 0.41 2° ) 2.30 0.50
16.41 16.70 + 0.13 2° - 1230 1.00
13.47 15.11 + 0.27 5° 2.30 1.00
12.34 1342 + 0.21 10° 2.30 -4 1.00
26.63 2740 = 043 0.5° 2.30 o) 1,00
Table 2. Comparison between the stochastic term coefficients calculated by MC
. simulation (a,,.) and those calculated using formula (10) (a__,.).
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I.HTSIBP[Ha l'I unp e s . .
I/Isyqem{e snepre'mqecxoro paspemeunn snex'rpomamwmoro
cunmwmmmonHo~nonoxomloro Kanop}me'rpa

“MeTonoM Monemaponamm s B

e I/Icnom,sya nporpammy jlom'e-Kapno, ocnosamlyro Ha naxe're GEANT
ncc.nenonama 3Hepre-mqecxoe paspeuleHue snex'rpomamwrnom cunmmmsmn-
onno-nonoxonnoro xanopnme'rpa KaKk (bymcumo OTHOWIEHH S o&::emon naccm;-
_nom (I'IOPJIOTHTE:JIB) M aKTHBHOTO. (Bonoxna) MaTepnanon pazmyca 'BOJIOKHA,
xosqxpnunema npenomennsl cneTa Ha KOHLIE BOJIOKHa, npoapa!moc'm BOJIOK-
Ha, a TaKXe yrna HaKJIOHa Bne'raromen qacmuu Hony‘iennue 1o nporpamme

Mom'e Kapno peayanaTm cpannm;am{cr, c }meromnmncn sxcnepnmemanb-

-HBIMH- nammmn Mexzxy axcnepnmemanbnbmu z(am{bmn M AaHHBIMH Mone-' e

JIHpOBaHHSI B 6onbmnucme CIy4aeB HMEJIOCh xopomee coo'me'rcrane Haunena
npocras (bopmyna ONMUCHIBAIOIIAS CTOXACTHYECKHUIA WieH anepremqecxom pas-,
pememm B 8 Bl gbynxu}m ocnonnmx napame'rpon xanopnme'rpa '

aGOTa Bbmonnena B Jla6opa'rop}m smepnux npo6neM OI/ISII/I"

Stavma P. et al ‘ S
Slmulatlon Studles of the Electromagnetlc Energy Resolutlon
of Sc1ntlllat1ng F;bre Calonmeter : :

: Usmg a- Monte Carlo code based on the GEANT package the energy
resolution of-a *scmtlllatmg fibre calonmeter was 1nvest1gated as a functlon
of the volume ratio of passive (absorber) to active (fibres) material, fibre radxus,
light reflection coefflc1ent atfibre end; fibre transparency, and 1nc1dent partlcle
tilt angle. The". obtamed MC results were confronted: ‘with. the - exlstmgd o
“experimental data ‘Good agreement between the simulation and experiment-|
_was found . in ‘most cases." A 51mple formula descnbmg the" ‘stochastic ‘term -
‘of the energy resolutlon as 5 a functlon of the calonmeter bas'c parameters has
] been found.A L - -

: The mvestlgatlon has been performed at the I..aboratory ‘of Nuclear
Problems, HNR' g
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