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ABSTRACT

Probabilities for the interaction of gamma rays with
Nal scintillation crystals have been calculated for the case
of a point isotropic source situated on the axis of a cylin-
drical crystal. These results can be used in obtaining the
absolute gamma-ray detection efficiency of a NaI scintilla-
tion counter by a method which does not require calibrated
radioactive sources. Computations were made for eighteen
commercially available crystal sizes and for a wide range
of gamma-ray energies and source-to-crystal distances.
The results are pr e sente d in both tabular and graphical
form.
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CALCULATED EFFICIENCIES OF NaI CRYSTALS

Calculated efficiencies of NaI for gamma-ray interaction can be used for the
measurement of absolute gamma-ray intensities. The method used for applying such
efficiencies together with the estimated accuracy obtainable have been described by N. H.
Lazar et al. 1 The present calculations were performed for the case of a point isotropic
gamma-ray source situated on the axis of a cylindrical crystal.

R.

b

Fig. 1 - Source and crystal
arrangement

Consider a cylindrical NaI crystal of radius R and length b, placed on the polar axis
of the coordinate system (r, 8, A source S is placed at the origin, a distance a from

the near face of the crystal (Fig. 1). Let No denote the number of gammas/sec radiated

by the source,M the crystal density in g/cm3, and a the gamma absorption cross section

in cm2/g. The total number N of interactions in the crystal is

N T 1-cosol - f sinoe-M b sec O de

0

01

-f sin Oe"M a (R csc 0 - a sec 8)d 01
2

where

(1)

R R
e1 = tan'l-., 02 = tan'l a+b

The crystal efficiency is defined as N/N0 . The value 3.667 g/cm3 was usc-,,', for M.

1 Lazar, N. H., Davis, R. C., and Bell, P. R., Nucleonics 14:52 (1956)
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Since the interaction probability calculated for the set of parameters a, b, R, andc
equals that obtained for na, rib, nR, and .o/n where n is any number, it is possible to
use the calculated results to obtain efficiencies for crystal sizes which were not included
in the calculations. If R/b for the desired crystal size is different from that for any of
the crystal sizes used, efficiencies can be obtained by interpolating between the known
results for two crystals 1 and 2, such that.

R R2

bI b b2

Computations were made for all combinations of the parameters listed in Table 1.
Tables 2 through 19 give the results obtained for each of the crystal sizes while Figs. 2
through 19 show these results in graphical form.
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TABLE 1
Parameter Assignments

Crystal Sizes Distance, a y-Ray Energies Mass Absorption*

(in.) (c m) (Mev) Coefficients, (T

Diameter iThickness (cm 2 /g)

0.50

0.75

0.75

1.00

1.25

1.375

1.50

1.75

1.00

1.25

1.50

1.75

1.50

1.50

1.75

1.50

3.00

5.00

0.50

0.50

0.75

0.50

0.50

0.50

0.50

0.50

1.00

1.00

1.00

1.00

1.50

2.00

2.00

3.00

3.00

4.00

0.00

0.40

0.50

0.75

1.00

1.25

1.50

2.00

3.00

4.00

6.00

10.00

15.00

20.00

__________ I. ____________ �-

0.06

0.08

0.10

0.15

0.20

0.30

0.40

0.50

0.60

0.80

1.0

1.5

2.0

3.0

4.0

5.0

6.0

8.0

10.0

15.0

20.0

6.17

2.86

1.57

0.568

0.305

0.155

0.111

0.0901

0.0789

0.0657

0.0577

0.0465

0.0412

0.0367

0.0351

0.0347

0.0347

0.0354

0.0366

0.0400

0.0430

National Bureau of Standards, Circular 1003, and private com-

munication from Miss G. White. Absorption coefficients have

been corrected for coherent scattering.

I-

I..
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Fig. 2 - Calculated efficiencies of Nal crystal 1/2 inch diameter and 1/2 inch thick
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Fig. 3 - Calculated efficiencies of Nal crystal 3/4 inch diameter and 1/2 inch thick
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Fig. 4 - Calculated efficiencies of Nal crystal 3/4 inch diameter and 3/4 inch thick
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Fig. 5 - Calculated efficiencies of Nal crystal 1 inch diameter and I/2 inch thick
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Fig. 6 - Calculated efficiencies of NaT crystal 1-1/4 inches diameter and 1/2 inch thick
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Fig. 7 - Calculated efficiencies of NaT crystal 1-3/8 inches diameter and 1/2 inch thick
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Fig. 9 - Calculated efficiencies of NaT crystal 1-3/4 inches diameter and 1/2 inch thick
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Fig. 10 - Calculated efficiencies of NaI crystal 1 inch diameter and I inch thick
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Fig. 11 - Calculated efficiencies of Nal crystal 1-1/4 inches diameter and I inch thick
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Fig. 12 - Calculated efficiencies of NaI crystal 1-1/2 inches diameter and I inch thick
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Fig. 13 - Calculated efficiencies of NaI crystal 1-3/4 inches diameter and 1 inch thick

26



NAVAL RESEARCH LABORATORY 27

a'

N

a'

N

'4 -4 a' a' Pd Pd
H H .H .H .

A A Ad

0 0

4..

I-

U'DU UN U', -t A N *q a' Pd A~ H U '4 'A

toe- a, 01 to r- UN $t m % r q ( l ý 4 ý 4
H H H ' e ' ' U -4 '4 :s a Pd k Pd k Pd Pd a a0

Wý 1 llý . I .

H\ 1 ~ H H H 1

a'C-W U'C' d Fl F 'ID~ 0
02to 0 '0 '4l SnP

0' 0' 0' t C- U' A 4 A ' a a'P Pd d H H H H H H Pd

a'l C~ U 'Do 'D to ' ~ '. o~ to t

C- 'aaoH t "WO to~ to, UN In t
C- ~~ a'z Aon 0' C C-A,' H 0''AU

01

H

H
x

0

H
Nl

U
A
E.g
A
U

-4

Cu
CU
I..
0)
0)

CU

U,

a' 'U.
.4 "5.

a'
N.

E.4U,
C-
4..
C)

CUz
0
U,
0)
U
Cu
0)
U

N

0)
CU

U
CU

C)

H
0
H
N

H
C
H
N

4.

H
0
H
N

H
0

0 H
H

-4
N

H
U'

N



NAVAL RESEARCH LABORATORY

1.0

CALCULATED EFFICIENCIES OF NaI CRYSTAL
1-1/2 INCHES DIAMETER X 1-1/2 INCHES THICK

0.5-0 0
00 0.40.5 -+Z--,

0.75-5
1.o0

0 2 1.25 -i

0.01.50 0 . 0. 1 .

0. 1 - C l e n o alim

3.01- inche thick

0.0 5 - 4.0, -- -- "

N/NoI -

6.0
0.02 -". .- _._ _. .---'

-7I T
0.005

- 15.0'

20.0
0.002 0

0.001 ! [-
-A I -II

0.0005 Ji
0.05 0.1 0.2 0.5 1.0 2.0 5.0 I10.0 20.q

GAMMA-RAY ENERGY (MEV)

Fig. 14 - Calculated efficiencies of Nal crystal 1-1/2 inches diameter and
1-1/2 inches thick

0

28



NAVAL RESEARCH LABORATORY 29

0'

� F �
Pd Pd Pd Pd Pd H H H H H H

a' a' a' a' a' ('-50101 C' 44 � 4 �4 H H H H H

H H H H H

N

N"6'

"6'4

C',t

c,6

N

1-16

P-d

N"

H H H H H H -4 H H H

C- a' U' a' -� to'0'4Pd'0 �'- Pd

C- C- C- '0 U' '4 a' a' a' Pd Pd Pd H H H H H H H H H

W%0 Om
U'~ ~ !R~-4-~4

Os~ W

9C' '4120a' a ~ 0 P ~ C

H H H H H H

d ; . .- H H H ..

U

U,

04
'-5..
-4

-4'1
I..
0)
.4-0)

CU

U,
0)
A
U

04
N'-..

U,
S.'-.
S..
C)

0
U,
0)
U
Cu
0)
U

C)

H Ha' � 3.-* 4

a' a' a' Pd

.4 -

m N N 44 r! H *4 * 4

a" m' A' A' Pd C; H H H H H

1 8 8 ' a q P;
N~ýA %4 # m

41&s *. 4 R q4 1 *

P; c; C; H A A A H H H H HA H

0000

in-

r4,

r.4 in pd Pd

C
'C

0
0
H

0
'0

C
"C

c
C.

0
Pd

U-

'CC,

'4 'WO '4 "4 a' Pd Pd Pd P

I

N '•. . '8
IUD " Pd ^ td Pd H H

U
4.
S

Cu
S
U

CU

0)
C)

4)
.4
C'

0)

H4

U'C"

U'

I4

9



NAVAL RESEARCH LABORATORY

1.0

0.5

0.2

0.1

0.5

N/No

0.02

0.01

0.005

0.002

0.001

0.0005
0.05 0.1 0.2 0.5 1.0 2.0 5.0 10.0 20.0

GAMMA-RAY ENERGY (MEV)

Fig. 15 - Calculated efficiencies of Nal crystal 1-1/2 inches diameter and 2 inches thick
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Fig. 19 - Calculated efficiencies of NaI crystal 5 inches diameter and 4 inches thick

at?-

38

)



NAVAL RESEARCH LABORATORY 39

s' 1a:0 ', Sd H 1 Os 1- A 8 sQ el le t' I a s A4.a-.. * * * . . . * . * * * * **;

Pd P Pd d Pd Pd H H H H H H H H H HN

*~~~ 0

N

Pd
0
H

N

H

N

H

0
H
N

H
0
H
N

H
0
H

N

H
0
H

N

H
0
H

N

H
0
H
N

H
0
H

N

H

0
H

N

H
0
H
N

H
0
H

N

ADFI (- .

H " H H

Ad Pd d

to U' '

mn m' Al V

2 A~ !ýcl
'4 CA An CA

4-4-CA

H- H Hq

4.' .4

PdI Pd H

U' s U'
'0 U' c;

Pd Pd Pd

'A C c;i

& Pd Pd

U'A CA' A)

Ht v

o 0

A H4

H4 A

Hý A

c; Pd

to C

Pd P

P; Pd

s Pd-

en c;

H Ht H

Ao 4

0a'

H; H H

H

H; H; H;

Pd PdI &d

c; Pd Pd

Pd Pd Pd

c- C

S � 000000000
. . . .Pd a' 4 U' '0 to

V.'

I-

4.

I.'
c

U

U,a

'0
Cu

H,

El F R

Pd DPd d

Pd Pd 8d P

L( U g:t u

i
.3
-'-4
4.
U,
0
C)

CU

a
U
U,
.3
U
.4
C'

NAVY DPPO PRNC WASH D C


