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This pa per pres ents a novel non-it er a tive al go rithm for charge par ti cle lo cal iza tion in a spark
cham ber. Its per for mance is eval u ated by com puter sim u la tions us ing the Monte Carlo sim u -
la tion method and com pared with the per for mance of an ap pro pri ate it er a tive al go rithm. It is
found that the pro posed non-it er a tive al go rithm per forms sig nif i cantly better, is eas ier to im -
ple ment and re quires less com pu ta tional re sources than the it er a tive al go rithm.
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IN TRO DUC TION

De tec tors with an elec tri cal out put sig nal have
the ad van tage of fast ac qui si tion and dis play of data.
They are es pe cially con ve nient when geo met ric con -
di tions are ex actly known, for in stance de ter min ing
the num ber of scat tered par ti cles from a beam at a cer -
tain an gle as a func tion of beam en ergy. How ever, such 
de tec tion sys tems are not con ve nient for anal y sis of
com plex pro cesses in which emis sions of a large num -
ber of var i ous par ti cles are pos si ble. In those cases vi -
sual type de tec tors are used, such as: fog cham ber,
bub ble cham ber, spark cham ber and pho to graphic
emul sion [1-5].

A spark cham ber rep re sents a par ti cle de tec tor
which was de vel oped and of ten used be tween 1970.
and 1980. Al though, later it was par tially su per seded
by other de tec tors, such as the drift cham ber and sil i -
con de tec tors, spark cham bers still rep re sent a valu -
able sci en tific in stru ment due to their char ac ter is tics
such as high speed, se lec tiv ity in time and par ti cle
type, and for the pos si bil ity of com puter ac qui si tion of
par ti cle tra jec tory data. In the case of the sim ple spark
cham ber, the tra jec tory is ob tained us ing a pho to -
graphic re cord ing. More com plex spark cham bers
show the tra jec tory in real time, prac ti cally in stantly.
These cham bers de ter mine the par ti cle lo ca tion us ing
pi ezo elec tric acous tic de tec tors or us ing photomul ti -
pli ers and a com puter sys tem with ap pro pri ate math e -
mat i cal al go rithms [6-8].

The aim of this work is to show a new ad vanced
(non-it er a tive) al go rithm for data ac qui si tion of par ti -
cle tra jec tory in a spark cham ber and to com pare its
per for mance to the com mon it er a tive al go rithm.

SPARK CHAM BER

A spark cham ber con sists of about twenty equal
plate-like ca pac i tors of rect an gu lar shape. The plates
are made of alu mi num about 5 to 6 mm thick and their
di men sions are sev eral deci me ters. The typ i cal dis tance 
be tween plates is about 2 cm. Ca pac i tors are placed ver -
ti cally, one above the other. In this way, the over all de -
tec tor height can be about 1 m. All ca pac i tors are con -
nected in par al lel, so that there is equal volt age on each
of them. The cham ber with ca pac i tors is filled with a
mix ture of neon and he lium. The mix ture is on at a
higher than at mo spheric pres sure and slowly cir cu lates
among the plates [9-13].

Be tween the plates there is rel a tively high volt -
age, so that the elec tric field in di elec tric is some what
lower than the break through value. Fast, sub atomic
par ti cles when pass ing through the space be tween
plates trig ger the break through by ion iz ing the gas
mix ture. As a re sult a spark oc curs which can be seen
by the na ked eye and be pho to graphed as well. The
spark must be short-lived and it must not turn into an
arc. That can be ob tained by high out put re sis tance of
the gen er a tor [14-16].

The im age of the sub atomic par ti cle tra jec tory is
dis crete and con sists of about twenty sparks. Such a
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tra jec tory dis play is much rougher com pared with re -
cord ings ob tained by a bub ble cham ber. How ever, the
ad van tage of a spark cham ber is better syn chro ni za -
tion, and a short ac tive in ter val of re cord ing. In this
way, we can re cord some wanted rare events with high
prob a bil ity of a suc cess ful re cord ing [17, 18].

Prac ti cal spark cham bers have the struc ture
shown in fig. 1. Apart from the ver ti cally placed ar ray
of con nected ca pac i tors in par al lel, above and be low
the cham ber there is a scin til la tion de tec tor with a
photomultiplier. The pass ing of a sub atomic par ti cle
through the cham ber is de tected by the ap pear ance of
two time-shifted elec tric pulses gen er ated at the
photomultiplier out puts. The time in ter val be tween
these two pulses is equal to the time needed for the par -
ti cle to pass through the cham ber. The pulses from the
photomultipliers are fed to tim ers and log i cal cir cuits.
If the de lay in ter val is equal to the ex pected, the ac ti va -
tion of high volt age is done us ing log i cal cir cuitry.
Such a syn chro nized spark cham ber is se cured from
spon ta ne ous trig ger ing caused by cos mic ra di a tion
[19-21].

SPARK CHAM BER WITH AU TO MATIC
TRACK ING OF PAR TI CLE TRA JEC TORY

As al ready ex plained, sim ple spark cham bers
use a pho to graphic re cord ing. More ad vanced ones
use acous tic sen sors and com put ers for re cord ing. Lo -
cal iza tion of the point where the spark oc curred is con -
ducted by us ing the acous tic sig nal (short bang)
caused by the spark (oc curs by the ex plo sion of the

spark chan nel in which the pres sure is around 2 MPa).
For that pur pose at each ca pac i tor plane sev eral pi ezo -
elec tric mi cro phones are placed. The num ber of mi -
cro phones de pends on whether the tra jec tory is de ter -
mined in the plane or in space. The num ber is usu ally
three, since in prac tice a sim pler case of de ter mi na tion
in the plane is used. When a spark oc curs an acous tic
sig nal is gen er ated that ex cites all three mi cro phones.
A pi ezo elec tric mi cro phone gen er ates a short elec tric
pulse when the acous tic sig nal reaches it. The first
elec tric sig nal is ob tained by the mi cro phone which is
the clos est to the place where the spark oc curred, then
sig nals from more dis tant mi cro phones are ob tained.
Based on the knowl edge of the cham ber ge om e try, sig -
nal se quence and de lay in ter vals among sig nals, it is
pos si ble to de ter mine the spark lo ca tion and hence -
forth the place where the par ti cle has passed.

To give an ex pla na tion of the prin ci ple of how
the au to matic par ti cle track ing is per formed, fig. 2
shows the sim plest cases of 1-D and 2-D point po si -
tion ing in which the acous tic sig nal oc curs.

Two acous tic de tec tors are lo cated in points A

and B which are placed at a known dis tance l. The

acous tic sig nal oc curs at point C which is on the

straight line AB, at dis tance x from de tec tor A, i. e. dis -

tance l-x from de tec tor B. The ve loc ity of the acous tic

sig nal is c and is con sid ered to be known. If the spark

oc curred at time t = 0, mi cro phones at points A and B

will re cord acous tic sig nals at time tA and tB which are

t
x

c
t

l x

c
A B= =

-
, (1)
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Figure 1. Spark cham ber syn chro nized by us ing two scin til la tion de tec tors with photomultipliers



Us ing tim ers, the de lay time in ter val is mea -
sured,  DtBA =  tB – tA, then us ing ex pres sion (1) we get
the place x where the spark oc curred

x
l c

t= -
2 2

D BA (2)

The most fre quently used ac qui si tion sys tem for
par ti cle tra jec tory solves the prob lem in 2-D if one ob -
serves spark de tec tors that con sists of plate ca pac i tors
with di elec tric thick ness much smaller than plate
length. That jus ti fies the rep re sen ta tion of tra jec tory
by its plane pro jec tion. For that pur pose the tri an gu la -
tion pro ce dure is used. To do that it is nec es sary  to 
have  three  sen sors  at  known  co-or di nates A(0, 0),
B(xb, yb), and C(xc, yc). The source of the acous tic sig -
nal (spark) is lo cated at point D(xd, yd), whose co-or di -
nates xd and yd should be de ter mined. The dis tance of
point D cor re spond ing to mi cro phones is l1, l2, and l3,
re spec tively. For these geo met ric re la tions we can use
the fol low ing ex pres sions

l x y ct

l x x y y ct

l x x

d d1
2 2

1

2
2 2

2

3
2

= + =

= - + - =

= - +

( ) ( )

( )

d b d b

d c ( )y y ctd c- =2
3 (3)

The mea sure ment sys tem re cords time in ter vals
among three sig nals, Dt21 = t2 – t1 and Dt31 = t3 – t1.
Based on these ex pres sions we get the sys tem of two
tran scen dent equa tions with two un known val ues xd

and yd

l l x x y y x y c t

l l x x

d b d b d d

d c

2 1
2 2 2 2

21

3 1

- = - + - - + =

- = -

( ) ( )

( )

D

2 2 2 2
31+ - - + =( )y y x y c td c d d D

(4)
The so lu tion of sys tem (4) is car ried out nu mer i -

cally by us ing an ap pro pri ate al go rithm. In fol low ing

chap ter, a new ad vanced (non-it er a tive) al go rithm for
spark lo cal iza tion is pro posed.

NON-IT ER A TIVE AL GO RITHM
FOR SPARK LO CAL IZA TION

Let us write ex pres sions (3) and (4) as fol lows

( ) ( ) ( )

( ) ( ) [ (

x x y y ct

x x y y c t t
d a d a

d b d b

- + - =

- + - = +

2 2
1

2

2 2
1 D 21

2

2 2
1 31

2

)]

( ) ( ) [ ( )]x x y y c t td c d c- + - = + D (5)

Ex pres sion (5), rep re sent 3 cir cles, with cen ters
at re spec tive sen sor po si tions (points A, B, and C),
pass ing through the spark source.

Any two of the cir cles in eq. (5) in ter sect, and the
source is lo cated at the in ter sect ing line. Ex pres sion
(6) for in ter sect ing lines can be ob tained by tak ing the
dif fer ence of equa tions for cir cles with cen ters at
points A and B and A and C. In the fol low ing ex pres -
sions ki are con stants.

2 2 2 2
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Ex pres sion (6) has the un known vari able t1. By
elim i nat ing t1 in ex pres sion (6), the line equa tion is ob -
tained and given in eq. (7).
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Fig ure 2. Il lus tra tion of 1-D and 2-D par ti cle track ing



Let us as sume

y A A Rd = Î, (8)

Now, we have from eqs. (7) and (8)

x k k A
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7 8
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4

8
5

4

(9)

By putt ing eqs. (8) and (9) in eq. (6), the value of
t1 is ob tained in terms of A and con stants (eq. 10)
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Now we have xd, yd, and t1 ob tained in terms of A
and con stants. By sub sti tut ing these val ues in eq. (5) a
qua dratic equa tion in A as in eq. (11) is ob tained.
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The so lu tion of eq. (11) gives two val ues of A.
By sub sti tut ing A in eqs. (8)-(10), two sets of val ues
for xd, yd, and t1 are ob tained. Out of these two sets, one 
is an ac cepted so lu tion and the other is re jected from a
prac ti cal stand point. It may be due to ei ther t1 be ing
neg a tive or xd and yd be ing neg a tive or out side of the
di men sions of the ca pac i tor [22]. 

SIM U LA TION RE SULTS OF COM PAR I SON
BE TWEEN THE IT ER A TIVE AND
NON-IT ER A TIVE AL GO RITHM

For the it er a tive method the trust-re gion dog leg
al go rithm is used. This al go rithm is a vari a tion of the
Powell dog leg method de scribed in [23] which is sim i -
lar to the method de scribed in [24]. Sim u la tions are
car ried out in MatLab us ing the non-lin ear sys tem
equa tions solver- fsolve func tion.

Non-it er a tive method sim u la tions are car ried out 
by a soft ware tool, writ ten in the C# pro gram ming lan -
guage, which im ple ments the al go rithm de scribed in
the pre vi ous section.

The Monte Carlo method is used for ran dom
gen er a tion of spark lo ca tions, while sen sor po si tions
re main the same. The num ber of sim u la tions is 1000.

For  the  sim u la tion, a plate-like ca pac i tor of rect -
an gu lar shape with di men sions of 0.3 m ́  0.2 m ́  0.02
m is con sid ered. Each of the 3 sen sors is placed on a
dif fer ent side of the ca pac i tor. The sen sors' co-or di -

nates  are:  xa  = 0 m, ya = 0.15 m, xb = 0.12 m, yb = 0 m,
xc = 0.3 m, yc = 0.1 m, za = zb = zc = 0.01 m. The con sid -
ered sound ve loc ity through the di elec tric is 345 ms–1. 

For both con sid ered meth ods, which cal cu late
the spark lo ca tion in 2-D space, in put val ues for ar rival 
time dif fer ences DtBA and DtCA are de rived from 3-D
space that cor re sponds to real con di tions.

Let us as sume that the spark lo ca tion, for ev ery
it er a tion of the Monte Carlo method, has a nom i nal
value of xd and yd. Sim u la tion re sults for spark lo cal -
iza tion by the it er a tive method are de noted as xir, yir

and by non-it er a tive as xnr, ynr. Changes of the re sult
with  re spect to the nom i nal value are: Dxir = |xir-xd|,
Dyir = |yir-yd|, Dxnr = |xnr-xd| and Dynr = |ynr-yd|. 

The sim u la tion flow chart is pre sented in fig. 3,
while sim u la tion re sults for it er a tive and non-it er a tive
meth ods are given in tab. 1.

DIS CUS SION

Based on anal y sis of ob tained sim u la tion re sults, 
it has been ob served that non-it er a tive method per -
formed sig nif i cantly better than it er a tive method. To
be spe cific, the non-it er a tive method gave val ues by
two or ders of mag ni tude lower than the it er a tive
method for pa ram e ters from ta ble rows 5 to 10 (see tab. 
1). In her ently, the non-it er a tive method gave re sults in
one it er a tion, while the it er a tive method needed six it -
er a tions on av er age to pro duce a so lu tion. The non-it -
er a tive method did not have any re jected so lu tions,
con trary to the it er a tive method which had ap prox i -
mately five per cent of re jected so lu tions.

It  was also ob served that max i mum val ues of
Dxir, Dyir, Dxnr, and Dynr oc cur when the nom i nal spark
lo ca tion val ues are close to ca pac i tors edges. Most of
the re jected val ues for the it er a tive method hap pened
in the same case.

Us ing the non-it er a tive method the com bined
mea sure ment un cer tainty of spark lo cal iza tion is re -
duced by 2 % [25-28].

CON CLU SIONS

The goal of the pre sented re search was to de -
scribe a novel al go rithm for spark lo cal iza tion and to
com pare it to the com monly used al go rithm.

It is shown that the pro posed non-it er a tive al go -
rithm for spark lo cal iza tion per formed sig nif i cantly
better than the com mon it er a tive al go rithm. Per for -
mance anal y sis was car ried out us ing the Monte Carlo
com puter sim u la tion. Based on the pre sented re sults
and tak ing into con sid er ation that the pro posed non-it -
er a tive al go rithm is eas ier to im ple ment in any pro -
gram ming lan guage and re quires less com pu ta tional
re sources than the it er a tive al go rithm, the use of the
non-it er a tive al go rithm for spark lo cal iza tion is rec -
om mended.
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The pre sented non-it er a tive al go rithm does not
solve the prob lem of spark lo cal iza tion in 3-D space,
which can be of sig nif i cance if nu clear par ti cles are
ob tained by re ac tions oc cur ring on the tra jec tory of the 
orig i nal par ti cle. This prob lem re quires fur ther re -
search.
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KOMPJUTERSKA  NEITERATIVNA  AKVIZICIJA  PODATAKA  O
TRAJEKTORIJI  ^ESTICE  U  VARNI^NOJ  KOMORI

U radu je predstavqen novi neiterativni algoritam za odre|ivawe polo`aja
naelektrisane ~estice u varni~noj komori. Performanse ovog algoritma su procewene
kompjuterskim simulacijama koriste}i Monte Karlo metodu i upore|ene sa performansama
odgovaraju}eg iterativnog algoritma. Utvr|eno je da predlo`eni neiterativni algoritam radi
zna~ajno boqe, lak{i je za implementaciju i zahtevu mawe kompjuterskih resursa od iterativnog
algoritma.

Kqu~ne re~i: varni~na komora, odre|ivawe polo`aja naelektrisane ~estice, Monte Karlo
..........................metoda


