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Abstract

Direct Mathematical calculations for the absolute efficiency of well-type gamma ray scintillation crystals are
described. Calculated detection efficiencies are drawn for two commonly used well crystals. Comparisons are made
between present works and published Monte Carlo values. The present approach proved quite success in predicting
the efficiency of well type detectors providing only the geometry and materials of the system formed of source,
detector and shielding as well as the energy of the emitted photons.
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Introduction

Direct mathematical method to calculate the efficiency of radioactive
systems was first proposed by Selim and Abbas and then it was used
by several authors [1-12]. The comparison between the calculated
values of efficiencies and experimental ones provided in these papers
shows that the error is very small. This method proves its accuracy
and success for many detector geometries; like: coaxial detectors [1-
4], parallelepiped detectors [5] and borehole detectors [12]; and types
like: semiconductors [4-7] and scintillators [1-3] Besides, the direct
mathematical method is built on simple mathematical approach and
it does not need long computer programs nor previous experimental
calculation of the efficiency of standard source like other Monte Carlo
method [13-16]. In this work we used direct mathematical method to
predict the efficiency of two well type detectors, in detecting the gamma
photons produced by sources placed in their well cavities, over wide
range of photon energy for seven different source geometries and
positions including point sources with very small dimensions and
cylindrical sources. These detectors are scintillators and their active
material is Sodium Iodide (Nal). Sodium Iodide is widely used in
detecting of gamma photons nowadays because of the high efficiency
of these crystals, relatively low cost and availability in different shapes
and sizes. In our calculation, the effect of beam attenuation caused by
well’s walls and bottom is included as well as self-attenuation caused by
the material of cylindrical sources.

For each source geometry, a comparison between our calculated
value of efficiencies using this approach and reference values obtained
from Pomme et al. [15] is given. This comparison shows that our values
were in good agreement with Pomme et al. [15], proving the success of
our approach in predicting the efficiencies of these detectors over wide
range of photon energy.

The arrangement of this paper is as follows: providing a general
explanation of the direct mathematical method in section 2, geometric
description of well type detector is given in section 3. Detailed
explanation of the mathematical perspective used is done. Comparison
between calculated and reference values of efficiency is done in seven
independent figures. Finally the conclusion is presented.

Direct Mathematical Method

This method is theoretical based on the following fundamentals:

When a photon with certain energy strikes a detector without absorbing
walls or windows, the probability for it to interact with this detector
and depose energy to be recorded is:

f=1-en 1)

Where, u represents the total attenuation coefficient of the detector
active volume, and d, is the photon path length traveled through the
detector active volume. The factor determining the beam attenuation
due the source container and the detector end cap materials is called
the attenuation factor, F . So the probability is rewritten as:

fi=F,(1-e*") )

The attenuation factor F ,is expressed as:

_Z:uié‘i
F,=e (3)

Where, W, is the attenuation coefficient of the i absorber for a
gamma photon with energy E and §,is the gamma photon path length
through the i absorber.

Geometric Description of Well Type Detector

The detector, we calculated its efficiency, is a well type Nal detector
of cylindrical shape. This detector is illustrated in Figure 1. The total
height of this detector is marked as “T” in the mentioned figure and
its total radius “R”. This detector contains a coaxial cavity (well) of
cylindrical shape also that has a radius r and a height D as shown in
Figure 1. A small radioactive source can be placed in the well coaxial
cavity. The source might be a small cylinder that can fit in the cavity or
an extremely small source (point source). This source contains usually
radioactive nuclei that undergo beta or alpha decay, and then emit
gamma photons.
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Figure 1: Three dimensional sketches and a vertical section view for a well type detector.
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Figure 2: Three dimensional schematic diagram of a well type detector (left) and to a horizontal view plane (right) to illustrate the path length function d.,.

Mathematical Perspective
Path-lengths

There are five different path lengths “faiths” (dl, d2, dj, d » and ds)
can be followed by a photon in our system depending on where the
photon enters the active material and leaves it, the photon can enter
either from well’s bottom or the well’s side and leaves either from
detector bottom, upper face or outer side.

If the photon enters the active material from the bottom and
leaves from the bottom: Just by making projection on the axis of the
detector, one can derive the function of path length to be:

d = H
cos(0)
If the photon enters the active material from well’s side and
leaves from detector’s bottom: By making projections on a vertical
and horizontal planes (Figure 2). We can derive the path length
function of the distance covered in the active material (Nal) in terms
of the detector and source dimensions shown in Figure 1, as well as the
polar and azimuth angle. As shown in Figure 2. If the photon enters
from the side of the well cavity and leaves from the detector’s bottom,
the distance it covered inside the detecting material (Nal) is labeled

by CD (d) in the figure, the distance CD =SD—SC where SD can

(4)
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be taken from the vertical view (left) to be z/cos(8), and SC is simply
§’C/sin(0). The horizontal view to the right of the same figure. Figure
2 shows the triangle OXC right at X, the simple geometry of OXC

gives CX =JOC*-0X* and CS'=CX —XS'; but &zc‘sin((p)

and XS'= c.cos(p) and OC=r.50 CS = NS —(c.sin((p))Z the path
length covered by a photon entering from the well’s side and leaving
from the detector’s bottom will be:

oz +c.cos(@) +4/r* — (c.sing)’
: cos () sin(6)

To discuss the “+” sign in the equation of path length d,, we consider
the projection on a horizontal plane containing the point where the
photon enters the active material shown in Figure 3, the photon can
enter the active material from the nearer arc shown as dashed arc in the
figure or from the farther arc shown as solid arc. If it enters from the

nearer arc (left part of Figure 3), the distance will be S'A = XA - XS'

and thus S'A = NI (c.sin ((ﬂ))z If the photon enters from the farther

arc (right part of the figure), the distance S'B in the figure is done by

SB=XB+S§'X =1’ - (csin ((p))2 +c.cos(9)

If the photon enters the active material from well’s bottom and
leaves from the outer side: As shown in Figure 4, if the photon enters
from the well’s bottom and leaves from detector’s outer side the distance

covered inside the active material is AB where AB=SB—SA SA is
clearly f/cos(0) and SB =S'B/sin(0) .To derive S’B with respect to R,
and ¢, the horizontal view to the right is done, S’B =BX + XS' here

BX =,|r’ - (c.sin((p))2 and XS =c.cos(p)

_ 2 wine)?
So SB= ccos(¢) +yR” — (esing) and the path length

sin@

(5)

Page 3 of 1
function “d,” in this case will be:
*c.cos(@)++/R* —(c.sin@)? f
i, - (0)++ _ ©

sinég cosd
If the photon enters the active material from the well’s

wall and leaves from the outer wall: If the photon enters from
the well’s wall, the total distance it covers inside the well cavity is

ic.cos((p) +4/1* —(c.sing)’

sin O
equation 5). While if it leaves from the detector’s outer side, the
distance it covers in the entire system (active material + well) is

+c.co8() ++4/1* — (c.sing)’

sin O

(derived previously to be used in

(derived previously to be used in

equation 6). So the distance covered in the active material will be:

J - tecos()+4/R? —(c.sing)®  tccos(@)+41” —(c.sing)’ @
o sin @ sin@

If the photon enters the active material from the inner side
and leaves from the upper surface: To derive the path length
function d,; Figure 5 shows three dimensional diagram for a photon
entering from well’s wall and leaving from detector’s upper surface
the total distance the photon covers in the entire system(well and

active material) labeled as SF in the figure is —L17%Z  while
= cos(z —0)
the distance it covers in the well is — S S’E can be derived
sin(7 - 0)

using the horizontal view in the same figure S’E=S"H’+H’E

S0 SE = c.cos() +/1* — (c.sing)’
P ek _ Fecos(@) +4r* — (csing)’ ®)

> cos(z —0) sin(m — 6)

If photon enters from the néarer arc

If photon enters from the farther arc

4= \[rT —(c.sin (@))% — c. cos (@)

“X": foot of perpendicular from Oto 5'A or S'B.

0A: Radius of well (r) @: azimuth Angle [ =] Nearerarc

0B: Radius of well (r) 5" projection of § (source) EFanherarc

OX: c.sin{e) X c.cos(g) ST c.cos(g)

OY: c. sin(p) XA= \.f:m YB-= \W

$B=./rT— (c.sin(g))? +c.cos (@)

“¢": distance between detector’ axis and point source

“A": point where the photon enters the material from the nearer arc,
"8": point where the photon entersthe material from the farther arc
“0": Axial point belongs to the horizontal plane containing A or B.

Figure 3: Horizontal View made to discuss the “+” sign in the equation of the path length: d,.
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Note: for an axial point source all items multiplied by “c” in the

previous equations tend to zero.
Total efficiency of an axial point source

By definition, the efficiency of a source - detector system is the
number of photons detected divided by the number of photons
emitted. So, taking the total solid angle to be 47, and using equation
(2) we obtain:

n2r

1 ,
& :Ellf, sin(0)dedo ©)

Where, f; =E1,,(1—e’”"1j) (> 1-5)d can be one of the five
functions described before in section 4.1. So to develop equation 9 we

just want to replace d, (j > 1 - 5) by its function and we integrate over
the entire solid angle taking into account that it might depend on both
¢ and 0. But in the case of an axial point source, there is symmetry on
the azimuth angle ¢. We have to distinguish between two cases

If the axial point source is located at a height, z> R

(Figure 6, right):

1 627 0,27 627 O2x
&= 4([ [fidpao+[ | fdpdo+ || fdpdo+| J'fsd(deJ (10)
LAWY 60 60 80

6= tan™ (5); 6, = tanil(ir )
z h

R
i 0, =m—tan " (——);
- s (H—z)
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The Point source

6=0

r

) (11)

0,=r—tan'(

If the axial point source is located at a height, z < R (refer to

Figure 6, left): applying the equation (2) gives: -r

1 0,27 027 027 027
e=—| [[fdpdo+ [ fdpdo+ [ [fdpdo+ || fdpdo| (12)
4z | 59 50 60 60
Total efficiency of a non-axial point source

For a non-axial point source one can calculate the total efficiency
by applying equation 9, but first we have to take references for the
azimuth angle “¢” as well as for the polar angle “0”. Since each point
should belong to certain diameter we take the diameter containing
the point-source as the reference of azimuthal angle “¢=0" in order
to obtain certain symmetry in the Figure 7a. As well as we take the
line parallel to the detector axis passing by the point source is the
reference of polar angle “0=0”. The plane passing by the point source
and containing the axis of the detector as well as the horizontal line
having ¢=0; can be considered as plane of reference in our case because
it cuts the detector into two identical parts. We divide the detector into
four zones as indicated in Figure 7b. The aim of this technique is to

make the equations easier. The two regions to the right are considered
closer to the source, so the signs (+) in the equations (6 - 8) will turn to
(-). Figure 7a shows a 3D- drawing showing the references of the polar
and azimuthal angles.

Zone A, the point is closer to the detector axis and 0 < 0 < 7/2: To
derive the mathematical equations, we will know first the photon path
lengths allowed in this zone. Here the photon can enter either from
the well cavity bottom or side and leave either from the outer side or
bottom of detector. Thus, four path lengths will be allowed in this case
which are: d, d,,d, and d,(Tables 1 and 2). In this section we will study
the different faiths when the photon enters the detector, as well as the
different faiths when this photon leaves the detector, then we combine
them to find different faiths of photon path length in the detector active
volume. We will do the same strategy for the other zones. First we will
study how the photon leaves the detector, we will make a projection
on a horizontal plane containing the bottom of the detector so, as
illustrated in Figure 8, we obtain:

« For 0 < 0; the photon must leave from the bottom.

« For 6 <6 <0 the photon can leave from the side up to certain
azimuth angle ¢ , while it leaves from the bottom when ¢ > ¢ .
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B=r B=n
Zone D ZoneC
r-c
p=0
ZoneB Zone A
B=0 B8=0
Figure 7b: Shows the decomposition of our system into four different zones.
The proton leaves
from
6 < 8, bottom 6, : N :i(elia 21 < ?):tteém 6> 0,side
The proton enters <o, ¢>o,
from
6 < 6,the well cavity bottom d, d, d,
8, <0<8,and ¢ <g; d d d
the well cavity side 2 2 4
6, <9<64§nd¢>¢a' d d q
the well cavity bottom 1 1 3
6 >0,
the well cavity side d, d, d,

Table 1: The path length functions allowed for a photon striking part A of the detector. So, in general the photon path length can follow one of the path lengths d1, d2, d3

and d4. Table 1 summarizes the faiths that can be followed by the photon.

The proton leaves
from 6<8, 6,<8<86, 6,<8<86, 6>8,
<9, >0,
;rhe proton enters bottom bottom side side
rom

0<89,
the well cavity bottom d d, d;
94<6<95a‘nd(p<(pa' d d q
the well cavity bottom 1 3 3
64<6<95a_ndq_>>(pa' d d d
the well cavity side 2 4 4
6,<06
tﬁe well cavity side 4, d, d,

Table 2: The path length Functions allowed for a photon striking part B of the detector. So, in general the photon path length can follow one of the path lengths d1, d2, d3

and d4. Table 2 summarizes the faiths that can be followed by the photon.
+ For 6 > 0; the photon must leave from the side.

Also, Figure 8 allows us to derive the equations of 61 and 92:

6 = tan’l(ﬁ) (13)
z

VR =2

z
Also from Figure 8, it is easy to derive the equation of ¢ by applying

6, =tan” (14)

the cosine law in triangle SOC; we have: (SO)* + (SC)* + 2 (S0).(SC).
cos(p,) = (OC)’, which turns after substitution into: ¢ +2°.tan’(6) +
2.c.z.tan(b).cos(p ) = R, thus ¢_can be done by:
LR = -7 tan 6§’

P08 2.c.z.tanf ) (15)

Now to study how the photon can enter the detector we will
make projection on the plane containing the bottom of the well, the
projection of the polar angle “6” on a horizontal plane is a circle with
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Figure 8: Projection on the horizontal plane containing the well’s bottom (left) to show the projection of angles 83 and 64 and azimuth angle @a’, and a projection on
the detector’s bottom (right) to show the projection of angles 81 and 62 and azimuth angle @a.

$=0

82

B2<8<Bs

Figure 9: Projection on two horizontal planes (the plane containing the well’s bottom to the left and the one containing the detector’s bottom to the right) to discuss the

path length functions followed by a photon crossing zone B of the detector.

radius [f x tan(0)], where f designates the height of the source above
the plane of projection. As shown in Figure 8; for 8 < 6, the photon
must enter from the bottom of well. But for 6, < 6 < 8,, the photon
can enter from the side if it has an azimuthal angle ¢ < @, For 0
> 0,; the photon must enter from the side. Also from Figure 8 we can
derlve easily the functions of 6, and 0,, it is clear: sin(0,) = (N(>-c?)
hypotenuse) while cos(6,) = (f/ hypotenuse) )
2 2

0, =tan™ (%) (16)

and, in a similar manner:

a,F

6, = (17)

In addition we can use Figure 8 to derive the equation of . by
applying the cosine law in triangle SO’C’; we have: (S'0°)? + (O’C’)? +
2.(80°).(0°C).cos ( . ) = (§’C’?, which turns after substitution into: ¢
+f 2tan?(0) + 2.(:.f.tan((9).cos(%) =12, thus . can be done by:

¢ = cos™ r—c’ - hz.tan(é’)z) (18)

2.c.f.tan(6)

Zone B, the further zone with 0 < 0 < 7/2: Just like we studied in
zone A, the path length functions followed by the photon in the detector
if it strikes zone B will depend on two things only: how it enters and
how it leaves the detector material. The photon can enter from either
the bottom or the side of the well cavity; we should study the different
faiths depending on polar and azimuth angles. Starting by studying the
faiths of entrance, we have to make projection on a plane containing
the bottom of well cavity, thus according to Figure 9(left), we obtain:

For 6 < 0, the photon must enter from the bottom, whatever the

. Irz e
h

azimuth angle is 6, = tan where (as identified before in

equation 16)

For 6, < 0 < 0, the photon enters the detector from the bottom if it
has a small azunuthal angle @ < @, or from the side if it has a large
azimuthal angle ¢ > ¢, where:

0,=tan"' ch 19
an ( - (19)

For 0 > 95; thé photon must enter from well’s side. While, if we study
the faiths the photon will leave the detector according to the polar and
azimuthal. For 6 < 92; the photon must leave from the bottom whatever

ANRY =

V4

the azimuth angle is; where 6, = tan (as identified before

in equation 14);

For 8, <0 <8, the photon might leave the detector from the bottom
ifithasa small azimuthal angle (¢ < @,) or from the side if it has a large
azimuthal angle (¢ > ¢, ), where

R+
0, = tan"'(=-5) (20)
z
+ @, is done in equation 21
+ For 6 > 0; the photon must leave from the side.

Here, because we are dealing with the bigger part of the detector, so
the sign (+) in the equations (5 - 7) of d,, d, and d, will turn to (+). By
looking at Figure 9, we take the triangle BSO and applying the cosine
law in simple mathematics. We have:
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(OB)? = (OS)* + (SB)? +2.(SO).(SB).cos(¢,), but (OS) = ¢, (OB) = r Lr—c
and (SB) = h tan(8), so we obtain: 6,, = tan (T - z) (27)
2 2 2 2
,,C +z .tan@” —R, , ) )
_ tan6” — R, 21 ‘ —¢* —(T = z) (tan(n —
@, =cos ' ( Y entond (21) o= cos” r’—c* —(T -z) .(tan(n — ) (28)

Now, it is easy to derive the equation of ¢; , just by applying the
same method and taking the triangle S’O’B’, we obtain
o+ frtan’ — 77

2.c.f.tan@
Zone C: The part of the detector close to the source with

9, cos 22)

4 . . S
E< 0 < 7 : The particle must enter from the side, while it can leave

either from the upper face or the outer side so two path lengths might
take place here: d, and d,. This depends on the polar and azimuth
angles certainly, to study the path followed by the photon according
to these angles we can make projection on a horizontal plane but now
the horizontal plane will be the one containing the upper face of the
detector. Here, unlike zones A and B, we need projection on one single
plane. The projection is shown in Figure 10. By taking the triangle OSY;
OS = ¢, OY = rand SY = (T-z).tan(n-0), we can derive the function of ¢_
and by taking the triangle OSX we can derive the equation of . .

Ifo < (11-67), the photon must leave from the side; thus it is going to
follow the path length d " where:

2 _ 2
0,=tan™' (ﬁ) (23)
T-z
If (m-6,) < 6 < (1-0,), the photon can leave either from upper face if
its azimuthal angle is less then certain value we can call it ¢_or from the
side if it has an azimuthal angle ¢ > ¢ , where:

R-c
24

) (24)
Also, ¢_can be deduced from Figure 10, and in a way similar to ¢ :
R~ —(T - z)’ (tan(n - §))’

2.c(T—z).tan(z - 0)

If (m-6,) < 8 < (7-6,), the photon must leave from the upper face,
where:

@, =tan”'(

¢, =cos™' (25)

2 2
AT —c
6, =tan" ( T

) (26)

If (m-6,) < 0 < (m-9,,), the photon can either leave from the upper
face if its azimuthal angle is less than certain value we call it ¢, or
escape without hitting the active material of the detector for @ > @,
where:

2.c(T —z).tan(n— 6)

If 0 > (n-0,)), the photon leaves the detector without hitting its
active material.

Zone D: The farther part with 0 > n/2: Also for the farther part
. T . s
with polar angle 6 > = ; the photon must enter from the side while it
can leave either from*%ide or upper face. We should study whether the
photon will leave from the upper face or from the side by making a
projection on the plane containing the upper face of detector just like
we did in the previous part. The projection is shown in Figure 11.

+ If0<(m-6,), the photon must leave from the side and the only
path way followed is d, where:

4, R+c
6, =tan l(T

) (29)

» If(m-8,,) <0 < (n-0.), the photon can leave either from side or
upper face depending on the azimuthal angle. It leaves from
upper face for azimuthal angle ¢ < ¢, and it leaves from side

if >,
o If(n-8) <6 < (n-8,,), the photon must leave from the upper
face whatever the azimuthal angle was, where:

L, T+cC
0,, =tan l(T

) (30)

If (1-6,) < 8 < (nt- 6,), the photon can escape without striking the
material of detector for ¢ < ¢, or strike it entering from the side and
leaving from the face if p = ¢, .

+ For 0> (-6,), the photon cannot strike the detector.
Also, Figure 11 helps to derive the equations of the new azimuthal
angles: @, and ¢,in a manner very similar to ¢_and @, .
(T— z)2 .z‘an(H)2 +ct -
(T - z).tan@ c

cos(p,) = (31)

(T—z)2 .tan(ﬁ)2 +c* —R?

(T -z).tan 0 ¢ (32)

(@1) =

Thus the efficiency of the detector for a non-axial point source will
be done by:

= T1- §1§6<n-63

Figure 10: Projection to a horizontal plane containing the surface of detector the right figure can be used to determine the equations of ¢ and ¢
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1 » M-011<6<n-6;

i

1 r r——————r—r r
100 - ' ' -
] P, ]
- ' . -
- . -
| ]
b L L
=
2 o 4
=}
=
=
E L L
=
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10 mpry r T~ '
0.1 1
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Figure 12: Shows the present work and Monte Carlo [19] values for an axial
point source positioned at height z=8.55 cm, from the well bottom of detector
IRMM, without source-walls.

o5 o0, o5 e, oe, o5 o0, o3
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o 03 oo, 03 o3 o0y 03 3
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[ [1dodo+ | [f.dgdo+ [ [fdedo+ | [fdpdo+ [ [fdedo+] |f.dedo+

o 00 op 0 0 o

a0 76, 0

aj 00 3 a3 a3
j j/;d(pd9+ j jmmm j J‘/‘d(pdéﬁr j j/m;dm j j/(d(pdé)
o 0o "0 60 A

Where, fis as identified before in equation 2. The previous equation
can be used for 0, < 6,and 6, < 0,.

Absolute Efficiency for Disk and Cylindrical Sources

The efficiency of a circular disk source of radius S can be done by:
2 N

&, = & _([5 pcdc

Where g, is the efficiency of a non-axial point source, as identified
before in equation (33).In the case of cylindrical sources, we can
calculate the efficiency by making an integration of ¢, over dc and d,
and taking into consideration the efficiencies of many point sources
on the same shell are equals. So for a cylinder of radius S and height
H we have:

(34)

ﬁg},.cdc dh (35)

8cyl = 2
S X H 00
Results and Comparisons

In this study we used two well type detectors [15], (1) IRMM is used
in Figures 12-17 and (2) CIEMAT is used in Figure 18. The dimensions
of the two detectors are given in Table 3. The following figures illustrate
the comparison between the theoretical calculated values (present
work) and the published Monte Carlo values for different sources. The
percentage deviation is given by:

e —&

A= e 100% (36)
8expl.

where, €, and € expr. Ar€ the theoretical (present work) and the

Monte Carlo efficiencies, respectively [17-21]

r—r—r—y v v =T
100-. a = e ., .
o
] e ]
&1 .
g
Z f ]
=
=
3 f ]
& »  Pomme’etal. [19]
i Present work |
10 gy r r——r——r—r—r—r—r
0.1 1
Photon Energy (MeV)

Figure 13: Shows the present work and Monte Carlo [19] values for a non-
axial point source positioned at height z=5.66 cm, from the well bottom of
detector IRMM, without source-walls.

r—r—r v —r—r—r—r—r-r v
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=
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Figure 14: Shows the present work and Monte Carlo [19] values an eccentric
cylindrical source, with 2 cm radius and 4 cm height, located at z=6.05 cm,
from the well bottom of detector IRMM, within a thick Acrylic container with
walls (bottom and surface) of 0.1 cm thickness.
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Conclusions

The present approach offers straightforward mathematical
equations to calibrate well-type Nal(Tl) scintillation detector over a
wide energy range. This approach is based on simple mathematical
integrals and computer programs to calculate the detection efficiency.
It does not need neither optimization of the detector parameters or
previous knowledge of a standard source values. The comparison
between calculated and reference values shows that the difference is
very small (never escaped 8% and reduced to less than 2% in most

cases).
T T T T —r—r—r—r
100+ [] [] -
| ',
1 L]
4 8 z
9
=
2
é 4
=
3 4
&
| = Pomme’et al. [19]
e Present work
10 iy T v r——r—r—r—r—r—r
0.1 1
Photon energy (MeV)

Figure 15: Shows the present work and Monte Carlo [19] values for a co-
axial cylindrical source, with 2 cm radius and 4 cm height, and its bottom is
located at a height z=6.05 cm, from the well bottom of detector IRMM, within
a thick Acrylic container with walls (bottom and surface) of 0.1 cm thickness.
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Figure 16: Shows the present work and Monte Carlo [19] values for an axial
point source located at a height z=5.55 cm, from the well bottom of detector
IRMM, within a thick Acrylic container with walls (bottom and surface) of 2.5

cm thickness.
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Figure 17: Shows the present work and Monte Carlo [19] values for an axial
point source located at a height z=7.85 cm, from the well bottom of detector
IRMM, within an Aluminum container with walls of 1 cm thickness and its
bottom and surface of thickness 0.2 cm.
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Figure 18: Shows the present work and Monte Carlo [19] values for a co-
axial disk source, with radius=0.15 cm, located at a height z=2.61 cm, from
the well bottom of detector CIEMAT, within a very thin Acrylic container.

IRMM CEIMAT
The detector radius (R) 7.62 3.81
The well radius (r) 2.62 1.45
The entire height (T) 15.23 7.62
Bottom to well distance (H) 5.43 2.54
Well’s cover thfhjnrﬁﬁ]suxag;g; Aluminum and 0.12 0.06
Well’s bottom 0.12 0.06

Table 3: Shows the dimensions (are in cm) of the two well-type detectors.
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