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To understand the nuclear structure for most elements, it is essential to investigate the nuclear
excitations by using high precision gamma-ray spectroscopy in which intensive measurements
should be carried out. This is becoming a new challenge for the radiation scientific commu-
nity nowadays, where the instrumentations and technical advances must be developed to be
used in a wide range of applications. To discover the weakest nuclear reaction, the maximum
probability of the detection system of the total energy of any released individual photon must
be determined. In this work, a new mathematical method to calculate the absolute full-energy
peak efficiency of asymmetrical polyhedron germanium detector is presented. This type of de-
tector can be arranged in array, forming “complex detectors of encapsulated germanium crys-
tals”, with the solid angle reaching 82 % of total solid angle coverage, i. e., with the highest
possible efficiency and with a good quality of spectral response. In addition, the photon path
length was enclosed in the mathematical method to determine its attenuation through differ-
ent materials such as, the detector active medium and any other material in-between
source-detector system during the measuring process. The comparison between the efficiency
calculated in this work and that of the published Monte Carlo simulation showed a good
agreement and a small variation. However, the method discussed in the current work can be
useful in nuclear safeguards, in overcoming the huge difficulties in identification of the energy

range of radioactive isotopes and their quantities in nuclear waste.
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INTRODUCTION

Nowadays, knowing and understanding the dif-
ferent nuclear excitations processes is one of the most
important goals of nuclear formation theory. The most
significant apparatus to examine nuclear configura-
tion is high accuracy y-ray spectrometers in good ar-
rangement. Future challenges for nuclear spectros-
copy are coming along with the next generation of
high-intensity radioactive ion beam facilities currently
being developed worldwide. A new generation of
y-spectrometers will be the Advanced Gamma Track-
ing Array AGATA[1, 2] in Europe and the GRETA ar-
ray in the U. S. [3, 4]. These facilities will make it pos-
sible to study very short lived exotic nuclei with
extreme values of isospin, located in the ferra incog-
nita far from the line of § stability.

* Corresponding author; e-mail: mabbas@physicist.net

The possible configurations for 4nt array detec-
tor were evaluated through detailed Monte Carlo sim-
ulations of the full array [5]. The simulation code for 4
detector is based on the C++ classes of GEANT4 [5],
which simulates the interaction of y-rays in the detec-
tors and allows the inclusion of realistic shapes and
passive materials [6, 7]. One of these configurations is
A 180 configuration which consists of 180 asymmetric
hexagonal-shaped, tapered, encapsulated HPGe de-
tectors. Three slightly different asymmetric detectors
(Red, Blue and Green detector) are combined into a
triple cluster cryostats unit (60 identical cryostats).
The detector configuration allows a 0.09 m thick ger-
manium shell with up to 82 % of solid angle coverage
[8].

The recent work established a new mathematical
method to determine the absolute full-energy peak ef-
ficiency of asymmetric polygon germanium detector.
The core of this mathematical method is based on the
approach which was given earlier in [9-22], where the
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integrals and its limitations became more complex and
hard to obtain related to the complex source-to-detec-
tor geometry. Showing the accuracy of the present
method and how it is valid in calculating the efficiency
of y-ray detector was done by comparing the results
with the published Monte Carlo simulations data [23].

Mathematical view point

The validity of the present work is presented by
comparing the obtained results with the published
Monte Carlo simulation [23]. The full-energy peak ef-
ficiency for an axial radiating point source placed at
any distance from the polyhedron design detector can
be represented by the following equation based on
[18] 1 —u,d
el =—[[ fue (1= )sin (0)d0dp (1)

47 00

where 6 and @ are the polar and azimuthal angles, re-
spectively. 11, is the peak attenuation coefficient of the
detector's active medium, which represents the part
contributing to the photopeak only. It is given by,
=To + fmO0 + ko Where, 7o, 0 and k,,, are the photo-
electric, incoherent (Compton) and pair production (in
the nuclear field) coefficients corresponding to the en-
ergy of the incident photon £, respectively, the factors
fm and g, give the fractions of the incoherent and pair
production leading to the photopeak, respectively
[24]. The effective rays passing through the detector
crystal active volume traverse a distance d until it
emerges from the detector crystal. The factor fatt de-
termining the photon attenuation by the source con-
tainer and the detector housing materials, and is ex-
pressed as

fuo =TT B
g=1

where 14 is the coefficient of attenuation per unit
length of the ¢ absorber for gamma-ray energy E, 64
is the distance traveled in the material of the gy, ab-
sorber, and Q denotes the number of absorbers be-
tween the source and the crystal active material. The
full-energy peak efficiency for 4n asymmetric array
detectors &; is given by,

i,j <cylinder radius

2
g, =60 ¢, 3)
=0

where &; is the full energy peak efficiency of i crystal
(i=0forred, i=1 for blue and i = 2 for green). To find
oute; we consider a polyhedron crystal intersected by a
cylinder of radius Rc = 0.04 m and length = 0.09 m
with a back hole of radius r, = 0.005 m at length =
=0.013 m, as shown in figs. 1 and 2, where R;; is the
variable-radii of the /" crystal between two /" and (j +
+1)™ successive vertices (j is the vertex number and
takes values from 0 to 5) along L depth which is re-
stricted to have values less than or equal to the cylinder
radius due to the intersection.

Source

2] "

H,:,' (CD, O)

Figure 1. The polar angle 0, azimuthal angle ¢ and the
variable radius R;; (¢, L) for the i"™ crystal between Vjand
V;+1 vertices

Source

- K—»

Cylinder
Polyhedron

Figure 2. The polyhedron crystal intersected by a
cylinder with a back hole. The schematic view of the four
possible path lengths through the active volume of the
crystal for the limit of the polar angle

0ij1(@, 0) > 0,2 (9, 0) > 03> 04,
irradiated by photons of point source

The polar angle @ between the two faces at depth
L and azimuthal angle change according to this equa-
tion, as shown in fig. 1
R; . (p,L
0, (p,L)= tan*lM “4)
B +L

where L takes values from 0 to c.
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It is found that there are two probabilities for the
photon path lengths d traveled throughout the crystal
active volume according the source-inner face dis-
tance, /1, which has been obtained by solving this equa-
tion 0, ; ,(¢,0)26, ; ,(,c), where 0, ; , (.,0) is the
maximum polar anglle for photons to enter the detector
fromits upper surface and 0, ; , (¢, ¢)is the maximum
polar angle for photons to leave the detector from its

bottom
¢.R; ;i (9,0)

R; j(@,c)=R; ; (9,0)

Then we have two different formulas for the

full-energy peak efficiency for each crystal between

two successive vertices /" and (j + 1) along L depth
according to the source-inner face distance.

C'Ri,j ((p,O)

(6))

Case a: < for
R; j(9.0)=R; ; (9,0)
0;.1(9,0)20; ;,(p,c)
cR; . (p,0
Case b: i.; (9:0)

= for
Ri,j (o, C)_Ri,j (9,0)
0;;.1(9,0)<0, ;,(p,c)

As shown in figs. 2 and 3 there are four probabil-
ities that should be considered for the photon path
lengths d that traveled throughout the crystal active
volume:

— The effective rays may enter the inner face of the
crystal and emerge from the outer face of the crys-
tal between polar angles 63 and 0, (¢, c) in case
a, and between polar angles 63 and 0, (¢, 0) in
case b

Source

E E

Figure 3. Schematic view of the four possible path
lengths through the active volume of the crystal for the
limit of the polar angle (9;:(¢, ¢) > 60,1 (¢, 0) > 03> 04,),
irradiated by photons of point source

c
d, . ,0,0,c)=——— 6
i,j,l ( ¢ ) COS[Q((/),C)] ( )
—  The effective rays may enter the inner face of the
crystal and emerge from the crystal lateral face,
between polar angles 0;;, (¢, ¢) and 8;;; (¢, 0) in
case a
R. . (o,L
dijz(eaq)sl’): . n ((p ) - i (7)
” sin[0(¢,L)]  cos[0(¢,L)]

— orthe effective rays may enter the crystal lateral face
and emerge from the outer face of the crystal be-

tween polar angles6;;1(¢, 0) and6;;,(¢, c) in case b
h+c R; ;(o.L)
cos[0(p,L)] sin[0(¢,L)]
—  The effective rays may enter from the face of the
crystal and emerge from the face of the hole then
continue to enter from the hole side and emerge

from the bottom of the crystal between polar an-
gles 8,4 and 63 in two cases

K h+c
GO+ dn @)+ o o) sin(@)

di,j,Z(eiq)aL): (8)

)

— Enters from the face of the crystal and emerges
from face of the hole between polar angles 0 and
in two cases

dy0)=—= (10)
N cos(0)
The polar angles 85 and 6, take the following
corresponding values

0, :tan*lth (11)
04 :tan71 rh
+c (12)

where 6, <05.

The full-energy peak efficiency for the i crystal
is given by

1| =% 0 5
R 2[{] £,(0)d0dp + ff3(9)d0d¢1+ Ye,

4 | ol o 0, Jj=0
(13)

where J [0, (¢, L), L] is the Jacobian of 0, (¢, L), with
respect to L, and

f3(0)= fy (1=e OO sin (0) - (14)
£2(0)= fug (1= %@ )sin () (15)

where ¢;; is full-energy peak efficiency for i™ crystal
between two successive vertices /" and (j+ 1)™ (j=0to
5) along L depth, for case a, it is given by

1 (/’:(pi,Hl(c) 91,/,2 (p.)
£y =4 J £i.j10.0,¢)d0dp+ lim
T =gy 6 e

N o=, ji1(Ly) Ly
> | [fi06,;(0.0).0.L1d0,  (¢.L)de
k=0 g (L) Ly

(16)

where Lo=cand Ly +;=0
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Table 1. The azimuthal angle ¢;; (L) as a function of x-co-ordinate x;; (L) and y-co-ordinate y;; (L) at length L from the
inner face of each polyhedron crystal for each lateral edge, where x;;., X;;s,Vij. and y;;, are the x and y-co-ordinates of

inner and outer face of i crystal and j vertex

Xij £L)

yij (L)

Xoo (L) = Xo0a + (Xoob — Xo0a) L/

Yoo (L) = yoo» Lc

Xo1 (L) = Xo1a + (Xo1p — Xo1a) L/

Yo (L) = Yora + (Vorw — Yora) Lic

Xo2 (L) = X02a + (Xo2b — Xo2a) L/

Yoz (L) = Yo2a + (Voab — Yo2a) Lic

Xo3 (L) = Xo3a + (Xo3p — Xo3a) Ll

Y03 L) = Yo3a T (Vozb — Yo3a) Lic

Xoa (L) = Xo4a + (Xoab — Xo4a) L/

Vo4 (L) = Yoaa + (oab — Yoaa) L/

Xos (L) = Xosa + (Xosb — Xosa) L/

Yos (L) = Yosa + (Vosb — Vosa) Lic

X10 (L) = X102 + (X100 — X100) L/

Y10 (L) = y10a + (10b — Yi0a) Llc

x11 (L) = X112+ (e11p — X11) Ll

yiu (L) =yiat (i — i) Lic

X12 (L) = X120 + (X125 — X120) Ll

Y12 (L) = yi2a + (V1ab — Vi22) Ll

X153 (L) = X132 + (X135 — X130) L/c

Y13 (L) = y13a + (13p — yi3a) Llc

X14 (L) = X142 + (X140 — X140) L/c

Y1a (L) = Y1aa + (V1ap — Y14a) Ll

X15 (L) = X150 + (X155 — X150) Ll

Y15 (L) = Yisa + (Visb — Visa) Lic

X0 (L) = X200 + (X200 — X20a) L/

Y20 (L) = y20a + (V20 — y20a) L/c

X1 (L) = Xp1a + (X215 — X21a) Ll

Yo (L) = y21a + (216 — Y21a) Ll

X2 (L) = Xp2a + (X22p — X220) Ll

Y22 (L) = yooa + (Vaap — ¥220) Ll

X3 (L) = X35 + (X230 — X230) L/c

Y23 (L) = yoza + (Vasp — ya3a) Lic

X24 (L) = X240 + (X240 — X240) L/c

V24 (L) = Y240 + (V24b — Y24a) Ll

Xa5 (L) = Xp3 + (Xasp — Xasa) Ll

Va5 (L) = yasa + (Vasp — Vasa) Lic

@i (L)
i
L
o1 (L) =tan™' i’(())ll ((L))
oo (L) = tan”! i’(())zz((LL))
i
il
®os (L) =2m — tan 1)3:(?55((2)
@10 (L) =tan™' i’ll (())((f))
@n (L) =tan' ;1 11((2))
o=
e
P
oot
-
P2 (L) = tan’I%
w2
S
S
@25 (L) =2n —tan”' %((LL))

=0, j+1(c) 91:,',1 (©,0)

1 0=0;;:1(0) 0; ;5 (@.0) 1 .
&y i J-fi,j,l (0,9,c)d0de + & = 'ff,»,j,l (6’,(;),c)dt9dg0+1\}113}c
o=, ;) 6 =0, ,(c) 05
0 P=9;+1(L) N =0, 11 (L) 0, (@, Ly )
+[ [ £206,;(0.1),0,L1U (0, ; (9,1),L)}dpdL z [ :;216:,(9.0),0,L1d6, ; (p,L)de

¢ GP:‘P,’,/(L)

for case b, it is given by

(17

o=, ;L) 0 ;(p.Ly)

(18)

where Lo=0and Ly+ | =c¢



M.. 1. Abbas, et al.: Full-Energy Peak Efficiency of Asymmetrical Polyhedron ...
154 Nuclear Technology & Radiation Protection: Year 2018, Vol. 33, No. 2, pp. 150-158

Table 2. The cross-sectional variable-radius R;; (¢, L) of the hexagonal crystal as a function of ¢;; (L) for any point lies on
one of lateral faces at length L from the inner face of each polyhedron crystal for each lateral edge

Rij (o, L) 5, (L) vij (L)
Ry (p,L)= B Voo (L)=
V00 (D)) + (300 (1))? sin(yg (L)~300 (L)) | Foo(L)=tan”" W T (O
B sin(@ — oo (L)+ g9 (L) =89 (L)) Yoo Yo | voo (L)]+ 000001

Ry (p,L) = o (L)=
:\/(xm(L))z +@ (L) sin(yo (L) -8ul) |5, (1) =tan 20 Ve d) o Y (D)
sin(@—@g (L) +y g (L)—060,(L)) X1 (L) + [ (L)) xo1 (L)
Ry (p,L)= B W (L)=
G0 + (G (L)) sin(woy (D) +80p (L) | S (L) =tan” M IRIE )
T s (D) v (L) 60 (L) Yoo (50T )os Yoo (L)
Rys(p,L)= B W3 (L)=
G (1) + (g (1)? sin(ygs (L)+805 (L)) | S5 (L) =tan ™ W — an ! P (D)
sin(y g3 (L) + 343 (L)~ 9 + 9y (L) YostEAT s Vo3 (L)
Ros(p,L)= B Wos (L) =
o (L) + (ga (L))? sin(yq (L) +804 (1)) | S04 (L) =tan ™" M IRIE )
Csin(@ =gy (L) + Yoy (L) +844 (L)) . . Yo (L)
Ros (p,L)= (LD =sos (L wos (L) =
s ()% + (s (1)) sin(as (L) =805 (L)) | 85 (L) =tan "OO(L))_’“OS(L)) s (@)
sin(@ —@gs (L)+ s (L) =85 (L)) VoS Yoo Yos (L)
Ry (p,L)= vio(L)=
G0 0+ 10 L)) sintyia (L) 810 (L) | Sp(Dy=tan™ DL
T sin(e (L) - @+ g (L) + 8, (L)) Y1 tE)" 0 10 (L)+ 000001
Rll((p’L): vy (D)=
Vo @) + O W sintw, (=8, @) | 8y (Wy=tan™ B0
T S g (D (D=8, (1) i (L) iz (L) 5 (L)
Ry (p,L)= B Wi, (L) =
O L)+ () sinyp (D) +6, (L) | 81 (L)=tan ™! m a1 2 (D)
Sin(@ @y, (L) + 1, (L) 4815 (L)) M (L)
Ry3(p,L)= B w3 (L) =
V03 (L) + (13 (L))’ sin(yy3 (L) =815 (L)) | 313 (L) =tan”! () () _qan -1 P @)
T s )y (D=8, (D) @@ =T
Ry (p,L)= _ vy (L) =
@) + (14 (L) sin(yy (L) +814 (L) | Sy (L)=tan”! W a1 214 (D)
T s (L) g L)+, (L) st %4(L)

Ris(p.L)= D (L wis(L)=
s @R+ s W)Y sintys (48,50 | Bis (D =tan 2D
T S (-0 (s (D) +055 (D) i@l 210 (0) s (L]
Ry (p,L)= Wao (L) =
G0 (D) + (g (L)) sin(ya0 (£) =630 (L)) 620(L)=tan“% ctan O
Sin( — a0 (L) + 20 (L) =85 (L) ot |20 (L} + 000001

. X20(L)
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Table 2. (continuation)

R, (p.L) 8, (L) v (L)
R (9. 1) = Wy (L) =
. L) vy (L
o (D) + (g (L) sin(yyy ()-8 (1)) | O (D) =tan”! M ot 2 (@)
Sin(@— @y, (L)+ 5, (L)=55 (L)) 2 = Xy (L)
Ry (p,L) = . . Vo (L)=
L)+ 0 (L)) sin@an (L) +65(L)) 6,y(L) —tan EREITF2EN T @)
Sin(g— 9 (L) + (L) +8 (L)) yul)=yxd) Y2 (L)
Ry (p,L)= Vo (L)=
L) ~|x (L
@ (L)) + a3 (L)) sin(yas (L) ~853(L)) | 83(L) =tan™ M - @)
} sin(@+yo3(L)—0x3(L)—¢y3(L)) o) +y2s (L)
Ry (p,L)= Wau (L) =
L)~y (L
(L)) + 02 (L)) sin(yng (L) +654(L))| 624(L) =tan”! W —tan ! 220D
) Sin(@— @y (L) +wooq (L) +854 (L)) o5 (L)+ o (L) Xy (L)
Rys(p,L) = Was(L)=
@5 (L)) +as (L)) sin(ys (L) +855(L))| 825(L) =tan™ M —tan~! 328 8
= S0 - (L) + Yo (L) 100 (L)) LVZS( )“"b’zo( )‘ ‘yzs ‘
1 0=¢;;:1() 0; ;,(9,0) . . . . . .
&y =5 [ fi.10.0,c)d0de+
T =) 05 704 e Monte Carlo simulation [20]
¢ ‘/’:%M(L) g —— Present work
#2000 0.0),0.L) O, (9.1), L dgdL 5 o0 -
0 ¢=¢, ;L) °
(19) % 50
where J(0,(¢, L), L) is the Jacobian of (9, (¢, L) with 5 - ]
respect to L, and
—ud; ;10,00 | . 301
Ji71O0,0,0)= fo (1—e =" )sin (6)  (20)
B 500 1000 1500 2000 2500 3000

7200400 = fi (1=e 420D ysin 0, ) 21)

The relation between x, y, and z coordinates (x, y,
and z coordinates are given in ref. [25]) with the
boundaries of the azimuthal ¢;; (L) angles, and the
cross-sectional variable-radius R; ; (¢, L) of the hexag-
onal crystal as a function of ¢, ; (L) for any point lies on
one of lateral faces at length L from the inner face of
each polyhedron crystal for each lateral edge are given
in tab. 1 and tab. 2.

RESULTS AND DISCUSSION

The full-energy peak (photopeak) efficiencies
for A180 configuration 4 array detectors, in the en-
ergy range 100-2700 keV, have been calculated and
compared with the published Monte Carlo simulations
[23], as shown in fig. 4. Also, the discrepancies be-
tween the present theoretical methods with simulated
results are tabulated in tab. 3. The obtained results

Energy [keV]

Figure 4. Comparison of Monte Carlo [23] and the
present work of the full-energy peak efficiencies of 47
A180 array detector for energy range 10-2700 keV at
source to inner-face distance 2 = 0.235 m

were found to be in a good agreement, the maximum
deviation between the present theoretical methods and
the published results were found to be less than 3 %.

The photopeak attenuation coefficient (cm™) at
energy range 100 to 2700 keV and the fitted values us-
ing eq. (22) were presented as shown in fig. 5. The
photopeak attenuation coefficient decreases rapidly at
lower energies and approximately levels at high ener-
gies about 0.05 cm™'. The sharp decrease in full-en-
ergy peak efficiency is reflected in the substantial
change of the efficiency at low energies. The fitting
equation is given by

£ £

Uy =Ho+4e "y A,e (22)
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Table 3. Discrepancies between Monte Carlo [23] and
theoretical method results

Photopeak efficiency [%]
Energy | Monte Carlo | Theoretical Discrepancies

[keV] simulation method [%]

[23] (present work)
87.84 77.08 77.25 0.22
168.92 74.43 73.48 -1.29
263.51 70.19 69.43 —-1.10
351.35 65.96 65.99 0.05
439.19 62.25 62.83 0.92
533.78 59.07 59.71 1.08
621.62 56.42 57.06 1.14
709.46 54.02 54.63 1.11
804.05 51.37 52.23 1.65
891.89 50.03 50.18 0.31
979.73 47.90 48.31 0.85
1074.32 46.82 46.46 —0.78
1162.16 44.96 44.89 -0.16
1256.76 43.62 43.33 —0.65
1337.84 42.28 42.11 —-0.40
1432.43 41.20 40.80 —0.98
1520.27 40.39 39.69 -1.76
1614.86 39.31 38.59 —-1.87
1702.70 38.50 37.66 -2.24
1783.78 37.16 36.86 —0.81
1878.38 36.08 36.01 —0.20
1972.97 35.27 35.23 —0.10
2060.81 34.72 34.57 —0.43
2155.41 34.43 33.92 —-1.51
2236.49 33.36 33.41 0.15
2331.08 32.81 32.86 0.16
2418.92 32.00 32.39 1.22
2506.76 31.45 31.96 1.61
2601.35 31.16 31.54 1.20
2689.19 30.35 31.18 2.67
0.35 T T T - T - T T T
TE 0.304-- % ° Pho'topeak attenuation coefficient . .
h< | —— Fitted curve for the photopeak attenuation |
< : coefficient : :
g 0259 :
@
8 0.20-
8
8 0.15-
[ =
£
@ 0.10-4
X
8
£ 0.05-
2 : 1
o ] | i i i

0.00 T T T T T T T T T T N

0 500 1000 1500 2000 2500 3000

Energy [keV]

Figure 5. The photopeak attenuation coefficient (cm™) at
energy range 10 to 2700 keV and its fitted values

where 0.0424 £ 0.0004, 4, = 0.3467 + 0.0032, #, =
=174.78 £ 1.72, A, = 0.1538 £ 0.0013, and ¢,
=1066.28 +7.21. The discrepancies between the pres-
ent and fitted photopeak attenuation coefficient values
are tabulated in tab. 4. The maximum deviation be-
tween the present and fitted values were found to be
less than 1.1 %.

Table 4. Shows the discrepancies between present and
fitted photopeak attenuation coefficient values

Photopeak attenuation . .

Energy coefficient [cm '] Dlscr%panmes

[keV] Present Fitted value B

87.84 0.39361 0.390627714 0.76
168.92 0.30511 0.303450812 0.54
263.51 0.23965 0.237919449 0.72
351.35 0.19826 0.198502616 0.12
439.19 0.17133 0.171654433 0.19
533.78 0.15241 0.151418947 0.65
621.62 0.13874 0.137672630 0.77
709.46 0.12770 0.127026913 0.53
804.05 0.11658 0.117845488 1.09
891.89 0.11137 0.110765330 0.54
979.73 0.10355 0.104673953 1.09
1074.32 0.09979 0.098938115 0.85
1162.16 0.09356 0.094207450 0.69
1256.76 0.08929 0.089631047 0.38
1337.84 0.08600 0.086069602 0.08
1432.43 0.08220 0.082277990 0.09
1520.27 0.07960 0.079066260 0.67
1614.86 0.07656 0.075904131 0.86
1702.70 0.07310 0.073215742 0.16
1783.78 0.07070 0.070927048 0.32
1878.38 0.06790 0.068470399 0.84
1972.97 0.06610 0.066224300 0.19
2060.81 0.06442 0.064310512 0.17
2155.41 0.06220 0.062418938 0.35
2236.49 0.06106 0.060926331 0.22
2331.08 0.05972 0.059322774 0.67
2418.92 0.05779 0.057955920 0.29
2506.76 0.05650 0.056697222 0.35
2601.35 0.05580 0.055452918 0.62
2689.19 0.05395 0.054392220 0.82

CONCLUSION

In the present work, a new mathematical ap-
proach was established to calculate the absolute
full-energy peak efficiency of asymmetrical polyhe-
dron germanium detector with a closed cylindrical
back hole. This approach was achieved analytically
and solved numerically based on the huge amount of
numbers and the difficulty of solving such integrals.
This group of integrable equations include the proba-
bility to detect the total energy of any emitted photon
individually for both low and high energy regions, also
the effect of the source-to-detector distance, detector
end cap material and the materials that were inserted
and were present in the source-detector system during
the measurements.
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EHEPTETCKA E®UKACHOCT ACUMETPUYHOT
NOMMUXENPOHCKOI TEPMAHUIYMCKOI JETEKTOPA

Kako 6m ce pasymena cTpykTypa BehuHe enemMenara, IoTpeGHO je ncnuTaTi mobybusama jesrpa
MHTCH3UBHUM MEperhIMa IPUMEHOM CIIEKTPOMETpHje TaMa 3padera BUCOKe mperu3Hoctu. OBoO mpef-
CTaBJba M3a30B HAYYHO] 3ajeHUIM TaHAIIBUIE jep je TOTpeOHO 006e30eUTH NHCTPYMEHTAI]y U OMO-
ryhuTy TeXHOJOIIKY HAMlpeak 3a MUpPOKy mpuMeny. [1la 6u ce ofgpennia Hajcnabuja HyKJieapHa peakiyja,
MOpa ce OIpeINTH MaKCHMaliHa BepOBaTHOKA crcTeMa IETeKIHje YKYITHE eHeprHje 6110 Kor ociobohenor
nmojequHavyHOT (hOTOHA. Y OBOM pajly IpUKa3aH je HOBH MaTeMaTHIKHN MOJIEN 3a IIPOPAYyH CHEPreTCKe
e(pUKaCHOCTH MOJTUXEAPOHCKOT TEPMAHIjyMCKOT ieTeKTopa. OBa BpcTa AETEKTOPa MOXKE e PACIOPEAUTHU
y pen, unMe ce OOJMKYje KOMIUIEKCHHU IETEKTOP OKO FePMaHUjYMCKOT KpHCTaja ca MPOCTOPHUM YIIIOM
KOju mokpuBa 82 % MyHOT MPOCTOPHOT yIJIa, TO jeCT, ca HajBUIIIOM MOTYhoMm epukacHoIThy 1 TOOpUM CrieK-
TpaJHUM OA3UBOM. MaTeMaTHIK! MOJIe je 0OYXBAaTHO U MPOPAUYH AYKMHE MyTamke (POTOHA KaKo Ou ce
OfpEAIIO cabibehe KPO3 pa3InduTe MaTepujaje, Kao MITO Cy aKTUBHA 06JIaCT AeTeKTOpa Uil OUI0 Koju
Apyru MaTepyjal KOju je IOoCcTaB/beH U3Meby u3BOpa U JeTeKTopa TOKOM Ipoueca Mepema. Ilopebeme
n3padyHaTe €(PUKACHOCTH Y OBOM pajy W MyONWKOBaHUX pe3yiTata gobmjermx Monte Kapmo cumy-
JanyjaMa 1mokasyjy 1o0po ciarame U Maiy Bapujanyjy. lllTaBumre, mpuka3ana MeToga MOXe OUTH yIIO-
TpeOsbUBa Y HYKJIEAPHO] CUTYPHOCTH TP CaBlafaBalky NOTellKkoha y MACHTU(UKOBAKY €HEPreTCKOT
OIicera pagfuOaKTUBHUX N30TOINA U BbUXOBE KOJIUINHE Y paJUOAKTUBHOM OTIIAy.

Kmwyune peuu: iloauxedpoHcKU 0eitieKiiop, eqpuKacHoCl y UUKY eHepzuje, 2ama 3padetbe




