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This paper presents a novel non-iterative algorithm for charge particle localization in a spark
chamber. Its performance is evaluated by computer simulations using the Monte Carlo simu-
lation method and compared with the performance of an appropriate iterative algorithm. Itis
found that the proposed non-iterative algorithm performs significantly better, is easier to im-
plement and requires less computational resources than the iterative algorithm.
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INTRODUCTION

Detectors with an electrical output signal have
the advantage of fast acquisition and display of data.
They are especially convenient when geometric con-
ditions are exactly known, for instance determining
the number of scattered particles from a beam at a cer-
tain angle as a function of beam energy. However, such
detection systems are not convenient for analysis of
complex processes in which emissions of a large num-
ber of various particles are possible. In those cases vi-
sual type detectors are used, such as: fog chamber,
bubble chamber, spark chamber and photographic
emulsion [1-5].

A spark chamber represents a particle detector
which was developed and often used between 1970.
and 1980. Although, later it was partially superseded
by other detectors, such as the drift chamber and sili-
con detectors, spark chambers still represent a valu-
able scientific instrument due to their characteristics
such as high speed, selectivity in time and particle
type, and for the possibility of computer acquisition of
particle trajectory data. In the case of the simple spark
chamber, the trajectory is obtained using a photo-
graphic recording. More complex spark chambers
show the trajectory in real time, practically instantly.
These chambers determine the particle location using
piezoelectric acoustic detectors or using photomulti-
pliers and a computer system with appropriate mathe-
matical algorithms [6-8].
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The aim of this work is to show a new advanced
(non-iterative) algorithm for data acquisition of parti-
cle trajectory in a spark chamber and to compare its
performance to the common iterative algorithm.

SPARK CHAMBER

A spark chamber consists of about twenty equal
plate-like capacitors of rectangular shape. The plates
are made of aluminum about 5 to 6 mm thick and their
dimensions are several decimeters. The typical distance
between plates is about 2 cm. Capacitors are placed ver-
tically, one above the other. In this way, the overall de-
tector height can be about 1 m. All capacitors are con-
nected in parallel, so that there is equal voltage on each
of them. The chamber with capacitors is filled with a
mixture of neon and helium. The mixture is on at a
higher than atmospheric pressure and slowly circulates
among the plates [9-13].

Between the plates there is relatively high volt-
age, so that the electric field in dielectric is somewhat
lower than the breakthrough value. Fast, subatomic
particles when passing through the space between
plates trigger the breakthrough by ionizing the gas
mixture. As a result a spark occurs which can be seen
by the naked eye and be photographed as well. The
spark must be short-lived and it must not turn into an
arc. That can be obtained by high output resistance of
the generator [14-16].

The image of the subatomic particle trajectory is
discrete and consists of about twenty sparks. Such a
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Figure 1. Spark chamber synchronized by using two scintillation detectors with photomultipliers

trajectory display is much rougher compared with re-
cordings obtained by a bubble chamber. However, the
advantage of a spark chamber is better synchroniza-
tion, and a short active interval of recording. In this
way, we can record some wanted rare events with high
probability of a successful recording [17, 18].

Practical spark chambers have the structure
shown in fig. 1. Apart from the vertically placed array
of connected capacitors in parallel, above and below
the chamber there is a scintillation detector with a
photomultiplier. The passing of a subatomic particle
through the chamber is detected by the appearance of
two time-shifted electric pulses generated at the
photomultiplier outputs. The time interval between
these two pulses is equal to the time needed for the par-
ticle to pass through the chamber. The pulses from the
photomultipliers are fed to timers and logical circuits.
Ifthe delay interval is equal to the expected, the activa-
tion of high voltage is done using logical circuitry.
Such a synchronized spark chamber is secured from
spontaneous triggering caused by cosmic radiation
[19-21].

SPARK CHAMBER WITH AUTOMATIC
TRACKING OF PARTICLE TRAJECTORY

As already explained, simple spark chambers
use a photographic recording. More advanced ones
use acoustic sensors and computers for recording. Lo-
calization of the point where the spark occurred is con-
ducted by using the acoustic signal (short bang)
caused by the spark (occurs by the explosion of the

spark channel in which the pressure is around 2 MPa).
For that purpose at each capacitor plane several piezo-
electric microphones are placed. The number of mi-
crophones depends on whether the trajectory is deter-
mined in the plane or in space. The number is usually
three, since in practice a simpler case of determination
in the plane is used. When a spark occurs an acoustic
signal is generated that excites all three microphones.
A piezoelectric microphone generates a short electric
pulse when the acoustic signal reaches it. The first
electric signal is obtained by the microphone which is
the closest to the place where the spark occurred, then
signals from more distant microphones are obtained.
Based on the knowledge of the chamber geometry, sig-
nal sequence and delay intervals among signals, it is
possible to determine the spark location and hence-
forth the place where the particle has passed.

To give an explanation of the principle of how
the automatic particle tracking is performed, fig. 2
shows the simplest cases of 1-D and 2-D point posi-
tioning in which the acoustic signal occurs.

Two acoustic detectors are located in points A
and B which are placed at a known distance /. The
acoustic signal occurs at point C which is on the
straight line AB, at distance x from detector A, i. e. dis-
tance [-x from detector B. The velocity of the acoustic
signal is ¢ and is considered to be known. If the spark
occurred at time ¢ = 0, microphones at points A and B
will record acoustic signals at time ¢, and #; which are

5 tB = (1)
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Figure 2. Illustration of 1-D and 2-D particle tracking

Using timers, the delay time interval is mea-
sured, Atg, = tg—1ta, then using expression (1) we get
the place x where the spark occurred

x=L BA 2
2 2

The most frequently used acquisition system for
particle trajectory solves the problem in 2-D if one ob-
serves spark detectors that consists of plate capacitors
with dielectric thickness much smaller than plate
length. That justifies the representation of trajectory
by its plane projection. For that purpose the triangula-
tion procedure is used. To do that it is necessary to
have three sensors at known co-ordinates 4(0, 0),
B(xy, »,), and C(x, y,.). The source of the acoustic sig-
nal (spark) is located at point D(x4, y4), whose co-ordi-
nates x4 and y4 should be determined. The distance of
point D corresponding to microphones is 11, 12, and 13,
respectively. For these geometric relations we can use
the following expressions

h =\/x5 +y; =cty
L =\/(xd —Xy )’ + (Vg _yb)2 =ct,
L =X/(xd —X¢ )’ +(¥q — Ve )’ =cl; A3)

The measurement system records time intervals
among three signals, At,; = ¢, — t; and Aty; = #; — ;.
Based on these expressions we get the system of two
transcendent equations with two unknown values x4
and y,

lz_ll=\/(xd —X, )’ +(Ya = Vb )’ —\/xj +J’§ = Aty

l3-1 =\/(xd —Xe )2 +(Va =Y. )2 —\/x§ + yf, =cAty,
4)

The solution of system (4) is carried out numeri-
cally by using an appropriate algorithm. In following

chapter, a new advanced (non-iterative) algorithm for
spark localization is proposed.

NON-ITERATIVE ALGORITHM
FOR SPARK LOCALIZATION

Let us write expressions (3) and (4) as follows

(g =)+ (g 3o ) =(ety )?

(¥ =3y )"+ (vg =y =le(t, +At5))°

(¥ =xe)” + (g —ye)” =let; +A3 )] (5)

Expression (5), represent 3 circles, with centers
at respective sensor positions (points 4, B, and C),
passing through the spark source.

Any two of the circles in eq. (5) intersect, and the
source is located at the intersecting line. Expression
(6) for intersecting lines can be obtained by taking the
difference of equations for circles with centers at
points A and B and 4 and C. In the following expres-
sions k; are constants.

204 (¥ =%, )+ 234 (3 =, )+ 27 Aty 1y =y

ky = (xy —xg )+ (v —va )=’ AL,
204 (X, =%, )+ 294 (¥ =, )+ 26 At 1y =k,
by = —xg )+ (72 —y)=A (6)
Expression (6) has the unknown variable ¢,. By
eliminating ¢, in expression (6), the line equation is ob-

tained and given in eq. (7).

k4 :xb KXo Xe X
czAtz1 czAt31
Vb=V Ve Va

ks =5 2
c“Aty, Aty
kg = bk
c2A1‘21 c2At31

(7
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Let us assume
vg=4,4€R )

Now, we have from egs. (7) and (8)
xd :k7 _k8A

ks == ©)

By putting egs. (8) and (9) in eq. (6), the value of
¢, is obtained in terms of A and constants (eq. 10)

k —
ko = 21 _xz - kg
2c° Aty T Aty
klosz X2 Vb~ (10)

02A12] czAIZI

Now we have x,, 4, and ¢, obtained in terms of 4
and constants. By substituting these values in eq. (5) a
quadratic equation in A4 as in eq. (11) is obtained.

ki A* +kyy A+k;y =0
kyy =k3 —c*kly +1
kyy =—2kskg +2kgx, =2y, —2kok,oc?
kyy =k3 —2k;x, —c*kg +x2 + y?

(11)

The solution of eq. (11) gives two values of 4.
By substituting 4 in egs. (8)-(10), two sets of values
forxy, vy, and ¢, are obtained. Out of these two sets, one
is an accepted solution and the other is rejected from a
practical standpoint. It may be due to either #, being
negative or x4 and y, being negative or outside of the
dimensions of the capacitor [22].

SIMULATION RESULTS OF COMPARISON
BETWEEN THE ITERATIVE AND
NON-ITERATIVE ALGORITHM

For the iterative method the trust-region dogleg
algorithm is used. This algorithm is a variation of the
Powell dogleg method described in [23] which is simi-
lar to the method described in [24]. Simulations are
carried out in MatLab using the non-linear system
equations solver- fsolve function.

Non-iterative method simulations are carried out
by a software tool, written in the C# programming lan-
guage, which implements the algorithm described in
the previous section.

The Monte Carlo method is used for random
generation of spark locations, while sensor positions
remain the same. The number of simulations is 1000.

For the simulation, a plate-like capacitor of rect-
angular shape with dimensions 0f 0.3 m x 0.2 m x 0.02
m is considered. Each of the 3 sensors is placed on a
different side of the capacitor. The sensors' co-ordi-

nates are: x, =0m,y,=0.15m,x,=0.12m,y,=0m,
x,=0.3m,y,=0.1m,z,=z,=z,=0.01 m. The consid-
ered sound velocity through the dielectric is 345 ms™".

For both considered methods, which calculate
the spark location in 2-D space, input values for arrival
time differences Aty and At are derived from 3-D
space that corresponds to real conditions.

Let us assume that the spark location, for every
iteration of the Monte Carlo method, has a nominal
value of x4 and y4. Simulation results for spark local-
ization by the iterative method are denoted as x;,, y;,
and by non-iterative as x,,, v,.. Changes of the result
with respect to the nominal value are: Ax;, = |x;-x4/,
Ayir = b/ir'yd" Axnr = |xnr'xd| and Aynr = D}nr'yd|'

The simulation flow chart is presented in fig. 3,
while simulation results for iterative and non-iterative
methods are given in tab. 1.

DISCUSSION

Based on analysis of obtained simulation results,
it has been observed that non-iterative method per-
formed significantly better than iterative method. To
be specific, the non-iterative method gave values by
two orders of magnitude lower than the iterative
method for parameters from table rows 5 to 10 (see tab.
1). Inherently, the non-iterative method gave results in
one iteration, while the iterative method needed six it-
erations on average to produce a solution. The non-it-
erative method did not have any rejected solutions,
contrary to the iterative method which had approxi-
mately five percent of rejected solutions.

It was also observed that maximum values of
Ax;, Ayy, Ax,,, and Ay, occur when the nominal spark
location values are close to capacitors edges. Most of
the rejected values for the iterative method happened
in the same case.

Using the non-iterative method the combined
measurement uncertainty of spark localization is re-
duced by 2 % [25-28].

CONCLUSIONS

The goal of the presented research was to de-
scribe a novel algorithm for spark localization and to
compare it to the commonly used algorithm.

It is shown that the proposed non-iterative algo-
rithm for spark localization performed significantly
better than the common iterative algorithm. Perfor-
mance analysis was carried out using the Monte Carlo
computer simulation. Based on the presented results
and taking into consideration that the proposed non-it-
erative algorithm is easier to implement in any pro-
gramming language and requires less computational
resources than the iterative algorithm, the use of the
non-iterative algorithm for spark localization is rec-
ommended.
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Table 1 Simulation results for iterative and

non-iterative methods
Simulation results
RO‘I;V Parameter . Non-iterative
number Iterative method
method
¥ Maximum number
1 of iterations 21
— Define shape and dimensions of Minimum number
capacitor 2 . - 4 1
- Define value of sound velocity of iterations
through dielectric Average number
— Define nominal positions of three 3 of iterations 6
Sensors -
Number of rejected
4 solutions 54 0
L Maximum value
n=0, N=1000 > | of Axi [m] 0.2996 0.0039
Minimum value
6 of A)Cir [m] 0 0
Average value of
N False 7 Axir [m] 0.0781 0.0001
¢ Maximum value 0.1974 0.0028
True Of Ayir [m] ’ )
N Minimum value 0 0
7| of Ay [m]
— Inside of capacitor, choose random Average value
spark location in 3-D space (nominal 10 of Ay, [m] 0.0433 0.0001
value for spark location) I

— Calculate time differences of arrival in
3-D space

The presented non-iterative algorithm does not
solve the problem of spark localization in 3-D space,

Y which can be of significance if nuclear particles are

s el Hierercee i obta}ned by rs.eactlons occurring on the Fraj ectory of the

arrival from previous step as input original particle. This problem requires further re-
parameters for both algorithms search.

— Caleulate spark location using 2-D
iterative algorithm

— Calculate spark location using 2-D
non-iterative algorithm
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Baaguvup C. IIOJIY XKAHCKU, Anekcanmap 1. KUTUR,
Hparan C. KOBAYEBUR, bomko /1. HUKOJ/IWh

KOMIIJYTEPCKA HEUTEPATUBHA AKBU3UIIWJA IIOJATAKA O
TPAJEKTOPUIN YECTULE Y BAPHUYHOJ KOMOPU

Y pagy je HOpeAacTaBlbeH HOBH HEUTEpPATHBHU alfOpPUTaM 3a ofipebuBame moJIOKaja
HaeJeKTpUCaHEe 4YeCTHIe Yy BapHUYHO] KoMmopu. IlepgopmanHce OBOr anroputMa cy HpOIECHEHE
KoMMjyTepckuM cumynanujama kopucrehu Mounte Kapno merony m ynopebene ca mepgopmancama
ofroBapajyher uTepaTUBHOI alrOpUTMa. Y TBPHEHO je fa npefsioXKeH! HEUTEPAaTUBHU aJITOPUTaM paju
3Ha4ajHO 00Jbe, JAKIIHM je 32 UMIUIEMEHTALU]y 1 3aXTeBY Mamke KOMIIJyTEePCKUX pecypca Off UTePaTUBHOT
aNropuTMa.

Kmwyune peuu: sapruuna komopa, oopehusare ioaoxaja Haeaexiipucane deciiuye, Monitie Kapao
Mmetooa




