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Abs tract

Analytic cal cu la tions and Mon te Car lo si mu la tions of track dis tri bu tions in du ced by ra don 
and its al pha emi tter daugh ters, for diffe rent cham ber geo me tries and cri ti cal in ci den ce an gles,
were ca rried out. It was assu med uni form dis tri bu tion of 222Rn and its daugh ters in cham ber vo -
lu me and in ner wall, res pec ti vely. By both methods si mi lar re sults were ob tai ned. It was de ter -
mi ned that, in de pen den ce of cham ber dia me ter, uni form and non- u ni form track dis tri bu tions
will take pla ce in de tec tor. Two types of non- u ni form dis tri bu tions can be pre sen ted: higher
track con cen tra tion toward the cen tral area of the de tec tor or the oppo si te, with higher con cen -
tra tion near the bor ders. Al pha par tic le emis sions occu rring in effec ti ve vo lu me or effec ti ve sur -
fa ce lead to non- u ni form track dis tri bu tions with errors in track den sity cal cu la tion higher than 
30%. Op ti mum dia me ters for higher den sity and more uni form dis tri bu tion of tracks were de -
ter mi ned. The in fluen ce of non- u ni form dis tri bu tion of ra don daugh ters in cham ber wall on
track den sity and its dis tri bu tion is dis cussed.
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Distribuciones de trazas en el detector LR-115 para las
mediciones de Radón usando cámaras de difunsión

Re su men

Se rea li za ron cál cu los ana lí ti cos y si mu la cio nes por Mon te Car lo de las dis tri bu cio nes
de tra zas in du ci das por el Ra dón y sus hi jas alfa emi so ras, para va rios diá me tros de la cá ma -
ra de di fu sión y di fe ren tes án gu los crí ti cos de in ci den cia de las par tí cu las alfa. Se asu mió
dis tri bu ción uni for me del 222Rn y sus hi jas en el vo lu men y pa red in te rior de la cá ma ra, res -
pec ti va men te. Por am bos mé to dos se ob tu vie ron re sul ta dos si mi la res y se de mos tró que en
de pen den cia del diá me tro de la cá ma ra se pue den in du cir dis tri bu cio nes uni for mes y no
uni for mes de tra zas en el de tec tor. Se pue den pre sen tar dos ti pos de dis tri bu cio nes no uni -
for mes: ma yor con cen tra ción de tra zas ha cia la par te cen tral del de tec tor, com pa ra da con la
de sus bor des, y vi ce ver sa. Las emi sio nes de par tí cu las alfa des de los vo lú me nes y su per fi -

Scien ti fic Jour nal of the Ex pe ri men tal Fa cul ty of Scien ces,
at the Universidad del Zulia Vo lu me 15 Nº 4, October-December 2007

** Au tor para la co rres pon den cia. E- mail: pa la cios@usb.ve

CIEN CIA 15(4), 444 - 451, 2007
Ma ra cai bo, Ve ne zue la

* Tra ba jo pre sen ta do en el V Con gre so de la So cie dad Ve ne zo la na de Fí si ca, Uni ver si dad del Zu lia.
Nu cleo Pun to Fijo - Edo. Fal cón, Ve ne zue la, No viem bre 2005.



cies efec ti vas pue den con du cir a dis tri bu cio nes no uni for mes de tra zas pro vo can do erro res
en el cál cu lo de la den si dad de tra zas que pue den su pe rar el 30%. En de pen den cia del va lor
del án gu lo crí ti co asu mi do se de ter mi na ron los diá me tros óp ti mos que con di cio nan la ma yor 
den si dad de tra zas con dis tri bu ción más uni for me. Se dis cu te la in fluen cia de dis tri bu ción
no uni for me de las hi jas del Ra dón en la pa red de la cá ma ra so bre la den si dad de tra zas y su
dis tri bu ción en el de tec tor.

Pa la bras cla ve: Cáma ra de di fu sión; de tec tor LR-115; dis tri bu ción de tra zas; hi jas del
Ra dón.

In tro duc tion

In the past has been rec og nized that
non- uniformity of track dis tri bu tion on a
CR- 39 de tec tor is at trib uted to the une qual
“plate- out” of ra don daugh ters on its sur -
face. In this pas sive de tec tor la tent tracks
can be in duced by high- energy al pha par ti -
cles im ping ing on de tec tor. Ex peri men tal
data have shown higher con cen tra tion of de -
pos ited at oms near sur face bor ders of CR-
 39 de tec tors, ac count ing non uni form track
dis tri bu tion (1-3). For LR- 115 de tec tor this
ef fect is neg li gi ble since sur face depo si tion
of ra don daugh ters don’t pro duce tracks to
be visu al ized un der stan dard etch ing con di -
tions (100 min utes of chemi cal etch ing at
60ºC us ing 2.5 M NaOH). How ever, ex peri -
men tal re sults have shown that de pend ing
on meas ure ment sys tem ge ome try, non-
 uniform track dis tri bu tions can be in duced
(4, 5). This ef fect is very im por tant since it
can lead to er ro ne ous re sults in track den -
sity cal cu la tions and con se quently in ra don
con cen tra tions. Nev er the less, so far we have 
not found theo reti cal ex pla na tion for this
phe nome non. In LR- 115 de tec tor the cause
of non- uniform track dis tri bu tion may be
re lated with the geo met ric dis po si tion of ef -
fec tive vol umes and sur faces, which de pend
on di men sions of dif fu sion cham ber, re gard -
ing the form, di men sions and lo ca tion of de -
tec tor. With the ob jec tive of find ing a pos si -
ble ex pla na tion of this ef fect, track dis tri bu -
tions on a LR- 115 de tec tor (placed in side a
dif fu sion cam era) in duced by al pha emis -
sions of ra don and its daugh ters (218Po and
214Po) were simu lated. Ef fec tive vol umes and
sur faces, as well as the in flu ence of cham ber 

di ame ters and criti cal an gles on track dis tri -
bu tion were con sid ered.

Si mu la tion and re sults

As sum ing ra don daugh ters with the
same depo si tion prob abil ity and uni form dis -
trib uted in cham ber in ner wall, 218Po and 214Po 
ef fec tive sur faces can be de ter mined from re -
stric tions of dis tances, be tween al pha par ti -
cle emis sion and de tec tor, en ergy and criti cal
an gle of in ci dent al pha par ti cles (6).

In or der to ana lyze how geo met ric dis -
po si tion of ef fec tive sur faces re gard ing the
de tec tor lo ca tion in flu ence on de tec tor track
dis tri bu tion, an ana lytic simu la tion pro ce -
dure of track dis tri bu tions for dif fer ent
cham ber di ame ters was car ried out. Cal cu -
la tions were sim pli fied mak ing the analy sis
in two di men sions through a pro gram that
exe cuted the fol low ing op era tions: for a given 
di ame ter, the sym met ri cal ef fec tive seg -
ments cal cu lated to both cham ber sides
were sub di vided in a large number of cells
(~103) and for al pha par ti cles com ing from
each cell to the de tec tor sur face, etched
track in duc tion prob abili ties were ana lyzed.
The times a track is in duced in de tec tor, and
its po si tion, are ac cu mu lated in vari able in -
dexes. De tec tor di men sions, its height over
the open end, and cham ber di ame ter are the
in puts of the pro gram, while the out put are
the ef fec tive sur faces in cham ber in ner
walls, their geo met ric re la tion ship with de -
tec tor, the con tri bu tions of sym met ri cal ef -
fec tive seg ments to track dis tri bu tions for
each ra don daugh ter and the re sult ing de -
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tec tor track dis tri bu tion. In Fig ure 1 ex am -
ples of such cal cu la tions are shown.

These re sults evi dence that both, track
quan tity and form in which tracks are dis -
trib uted in de tec tor, strongly de pend on di -
men sions and po si tions of ef fec tive sur -
faces, which de pend at the same time on
cham ber di ame ter. In creas ing the di ame -
ters, a de crease on to tal number of tracks
and less uni form track dis tri bu tion were ob -
served, con di tion ing higher track den sity to
the cen tral area of de tec tor. This ef fect was
ob served un til a di ame ter of ~2.8 cm, where
to tal track dis tri bu tion (sum of 218Po and
214Po track dis tri bu tions) was ap proxi mately
uni form. Larger di ame ters con di tion in verse 

ef fect, i.e., higher track den sity to de tec tor
bor ders com pared with that in its cen tral
part. For di ame ters  ~5.3 cm or larger, al pha
par ti cles emit ted by 218Po are not de tected,
and for di ame ter around 7.0 cm 214Po al pha
par ti cles are nei ther de tected. Quali ta tively
simi lar re sults, al though for other cham ber
di ame ters, were ob tained as sum ing criti cal
an gle  q c = 45° or energy- dependent ac cord -

ing to ex peri men tal re sults of (7).

In or der to ver ify in which ex tent these
ana lytic re sults ap proach the re al ity, an -
other simu la tion us ing the Monte Carlo
method was car ried out and the analy sis
was ex tended to the con tri bu tion of 222Rn ef -
fec tive vol ume to track den sity. The meth -
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Figure 1. Effec ti ve sur fa ces in cham ber in ner walls (co lou red seg ments at both si des of rec tan gles), and

their con tri bu tions to track dis tri bu tions for each ra don daugh ter, as well as re sul ting dis tri bu -

tion for diffe rent cham ber dia me ters. A cri ti cal an gle of 30° and cir cu lar de tec tor of 1-cm dia -

me ter was assu med.



od ol ogy used to de ter mine the 222Rn ef fec -
tive vol ume and ef fec tive sur faces of 218Po
and 214Po soon will be pub lished [8]. In a
pro gram the set of cells con tained in ef fec -
tive vol ume was ob tained, then po lar an gles 
formed by lines that join the cen tral point of 
each cell with de tec tor ends (qmin  and qmax )
were cal cu lated. Af ter that an an gle be -
tween 0 and 2p was ran domly gen er ated; if
gen er ated an gle( )q g  sat is fies the con di tion 
q q qmin max< <g , then the dis tance to de tec -
tor, in ci dence al pha par ti cle en ergy and in -
ci dence an gle are cal cu lated. If the same re -
quire ments as for ef fec tive vol ume cal cu la -
tion are sat is fied, then the track coun ter is
in creased by one and pro gram reg is ters the
po si tions where al pha par ti cle im pacts the
imagi nary LR- 115 de tec tor sur face. This
pro cess is car ried out for all the cells in -
cluded in the ef fec tive vol ume and cy cle re -
peats un til de tec tor track den sity is  ~103

cm-2. To study how tracks are dis trib uted
on de tec tor sur face, it was di vided in 20
con cen tric rings of the same thick ness. In
Figure 2 the ob tained re sults are shown,
as sum ing in creas ing di ame ter with a step
of 0.05 cm. The dif fu sion cham ber height
was 6.0 cm and as sumed in ci dence criti cal
an gles (q c ) of al pha par ti cles were 30°, 45°
and energy- dependent ac cord ing to ex peri -
men tal re sults given in Ref. (7).

The re sults pre sented in Figure 2 dem -
on strate that maxi mum val ues of track den -
sity de pend on as sumed criti cal an gle, be ing 

higher for larger mag ni tudes of ef fec tive vol -
umes (Ve). It was dem on strated (6) that Ve 
( )q c = -energy dependent  > Ve ( )q c = °45  > Ve 
( )q c = °30 . In all cases track den sity in -
creases as cham ber di ame ter grows, and
prac ti cally for di ame ters of ap proxi mately
3.5, 4.0 and 5.0 cm their maxi mum val ues
are ob tained when as sum ing criti cal an gles
of 30°, 45° and energy- dependent, re spec -
tively, i.e., larger di ame ters do not con di tion
in cre ment in track den sity (Figure 3). The
choice of cham ber di ame ter that gen er ates
the most uni form track dis tri bu tion de pends 
on as sumed criti cal an gle.

In gen eral, track den sity is de ter mined
by an op ti cal mi cro scope, count ing tracks
over sev eral fields of view ran domly cho sen
(ei ther manu ally or by any auto mated sys -
tem). To evalu ate the track dis tri bu tion uni -
form ity on de tec tor sur face we took as cri te -
ria, the pa rame ter that de fines the dis per -
sion of track den sity val ues around the
mean one, i.e., their stan dard de via tion.
Only by geo met ric dis po si tion of ef fec tive
vol umes re gard ing de tec tor lo ca tion, er rors
over com ing 10% can be achieved as can be
seen in Figure 4. Al though there are not very
marked dif fer ences in stan dard er rors, if
pre cise meas ure ments are re quired this ef -
fect should be kept in mind when de sign ing a 
dif fu sion cham ber. From re sults shown in
Figure 4, if we only take into ac count the
222Rn con tri bu tion to track den sity, the most
uni form dis tri bu tions will be ex pected in
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qc = 30° qc = 45° qc = energy-dependent 

 
Figure 2. Track distributions in a circular LR-115 detector (1-cm diameter), for different diffusion

chamber diameters, induced by alpha particles coming from 222Rn effective volumes.



cham bers with di ame ters of ap proxi mately
4.0, 5.0 or 6.0 cm as sum ing criti cal an gles of 
30°, 45° or energy- dependent, re spec tively.

The 222Rn daugh ters de pos ited in
cham ber wall also con trib ute to the to tal
track den sity ac cord ing to their ef fec tive
sur faces. To ob tain their con tri bu tions, the
de vel oped pro gram was slightly modi fied,
since the analy sis was only car ried out in
lat eral cham ber wall. In Figure 5 the re sult -

ing con tri bu tions of al pha emit ter daugh ters 
(218Po + 214Po) to track den sity are shown, as -
sum ing for cal cu la tion the same vari ables
that were used to de ter mine the 222Rn con tri -
bu tion from ef fec tive vol umes. These re sults
show that maxi mum value of track den sity
doesn’t de pend on as sumed criti cal an gle if
cham ber di ame ter is very small (1.5 cm),
how ever, for larger di ame ters marked dif fer -
ence in the con tri bu tion to track den sity is
evi denced, be ing higher for larger ef fec tive
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Figure 3. Track densities on detector central region, induced by 222Rn in volume, as function of chamber

diameter for different assumed critical angle.

Figure 4. Standard errors of mean track densities (confidence interval = 95%), induced by 222Rn effective

volumes, in dependence of chamber diameters and assumed critical angles.



sur faces (Se). It was dem on strated (6) that Se 
( ( ))q c f E=  > Se ( )q c = °45  > ( )q c = °30 . In de -
pend ently of as sumed criti cal an gle, the in -
crease of cham ber di ame ter re sults in track
den sity dimi nu tion (Figure 6), how ever, for
di ame ters be tween 1.5 and 2.0 cm ap proxi -
mately simi lar con tri bu tions to track den -
sity are ob tained when as sum ing criti cal an -
gles of 45° and energy- dependent.

In gen eral, as cham ber di ame ter in -
crease the fol low ing track dis tri bu tion are
in duced (in that same or der): higher con cen -
tra tion to the cen tral area, ap proxi mately
uni form dis tri bu tion, higher con cen tra tion
to the bor ders, ap proxi mately uni form dis -
tri bu tion, and higher con cen tra tion to the
bor ders. The di ame ters where these dis tri -
bu tions took place de pended on the as -
sumed criti cal an gle. For 30° the best uni -
form ity was achieved with di ame ter of ap -
proxi mately 4.5 cm, for q c = °45  with di ame -
ters about 5.5 cm, while for q c f E= ( ) the di -
ame ters around 7.5 cm. Only by geo met ric
dis po si tion of ef fec tive sur faces re gard ing
de tec tor lo ca tion, er rors in mean track den -
sity cal cu la tion can over come 30% as can be 
seen in Figure 7.

If we as sume that de tec tor track den -
sity is in duced only by the con tri bu tions of
218Po and 214Po de pos ited in cham ber wall
and 222Rn in vol ume, then the choice of op ti -
mum di ame ter should be a com mit ment so -
lu tion that im plies both, uni form ity in track
dis tri bu tion and suf fi ciently high track den -

sity. For er rors around 10%, due to non uni -
form ity of track dis tri bu tion, and track den -
sity as high as pos si ble, the com mit ment so -
lu tion is D= 3.5 cm ( )q c = °30 , D= 4.5 cm 
( )q c = °45  and D= 5.5 cm ( ( ))q c f E= . Nev er -
the less, the elec tion of a 4.5 cm cham ber di -
ame ter will lead to er rors in track dis tri bu -
tion, smaller than 15% in de pend ently of the
as sumed criti cal an gle.

Li mi ta tions
We should not for get that con tri bu tion

of de pos ited ra don daugh ters to track den -
sity has been pre sented as a sum ef fect of
their in di vid ual con tri bu tions. How ever, dis -
tri bu tion of de pos ited ra don daugh ters is not 
uni form and de pends on cham ber di ame ter
(9). This fact would af fect the quan tity of in -
duced tracks as well as their dis tri bu tion in
de tec tor sur face. As an il lus tra tion, we will
ana lyze the case when the cham ber di ame -
ter is 4.0 cm and as sumed as valid a 30°
criti cal an gle (Figure 8A).

For a dif fu sion cham ber of 4.0-cm di -
ame ter, the in ter val of heights in the in ner
wall, where ra don daugh ters are uni formly
dis trib uted, is ap proxi mately from 1.8 to 4.2
cm (9), tak ing as zero the edge of the cham ber
open end (Figure 8B). How ever, in an other
work (7) was dem on strated that in ter val of
heights lim it ing the 218Po and 214Po ef fec tive ar -
eas were 2.2 - 4.3 cm and 0.1 - 2.2 cm, re spec -
tively. This means 218Po uni form dis tri bu tion
in its ef fec tive sur face, while 214Po at oms pres -
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qc = 30° qc = 45° qc = energy-dependent 

 
Figure 5. Track distributions in an LR-115 detector, for different chamber diameters, induced by alpha

particles coming from 218Po and 214Po effective surfaces.



ent a dis tri bu tion very far from the uni form. In 
par ticu lar, be low 1.5 cm 214Po con cen tra tion
di min ishes in an ap proxi mately lin eal way
un til al most zero at the be gin ning of its ef fec -
tive sur face. As track dis tri bu tion in duced by
an ef fec tive sur face de pends on po si tions
from where al pha par ti cles are emit ted, the
pres ence of smaller quan tity of at oms in its
lower end (and une qually dis trib uted), will
con di tion a much smaller con tri bu tion to

track den sity and dif fer ent to that shown in
Figure 8A. In con se quence, track dis tri bu tion
will be prac ti cally de ter mined by 218Po con tri -
bu tions and in stead of be ing pre sented an al -
most uni form track dis tri bu tion (by the sum
ef fect when sup pos ing 214Po uni form dis tri bu -
tion), higher track con cen tra tion will ap pear
near de tec tor bor ders.

With the ex peri men tal de ter mi na tion of 
op ti mum di ame ter we will be able to make
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Figure 6. Track densities in central region of detector, induced by 218Po and 214Po deposited in chamber

wall, as function of chamber diameter for different assumed critical angles.

Figure 7. Standard errors of mean track densities (confidence interval= 95%), induced by 218Po and 214Po

effective surfaces, in dependence of chamber diameters and assumed critical angles.



in fer ences on which of the sup po si tions
used in pre ced ing cal cu la tions re flect bet ter
the re al ity.

Con clu sions
Through ana lytic simu la tion and us ing 

the Monte Carlo method it was dem on -
strated that the cause of non uni form track
dis tri bu tion in LR- 115 de tec tors is re lated
with the geo met ric dis po si tion of ef fec tive
vol umes and sur faces re gard ing the de tec -
tor form, di men sions and po si tion. To
achieve er rors around 10% in track den sity
cal cu la tions (due to non uni form ity of track
dis tri bu tion), and track den sity as high as
pos si ble, the com mit ment so lu tion is D = 3.5 
cm ( )q c = °30 , D = 4.5 cm ( )q c = °45  and
D= 5.5 cm ( ( ))q c f E= . In de pend ently of the
as sumed criti cal an gle we can con sider that
dif fu sion cham bers with di ame ters around
4.5 cm con di tion uni form track dis tri bu tion
on the de tec tor sur face and rela tive high
track den sity. Ob tained re sults may be af -
fected when con sid er ing non- uniform dis tri -
bu tion of de pos ited ra don daugh ters in
cham ber in ner wall.
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 Figure 8. 218Po and 214Po contributions to track distribution for a 4-cm chamber diameter and assumed

critical angle of 30° (A). Vertical distribution of 222Rn daughters deposited in chamber wall (B).


