Exponential Attenuation

Electron and photon interactions
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Simple Exponential Attenuation
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Each particle either interacts with the flat plate of material
producing no secondary radiation or passes straight through
the material unchanged in energy or direction.

Let (u 1) be the probability that an individual particle interacts
in a unit thickness of material traversed.

dN = —uN dl

Simple Exponential Attenuation

u is the linear attenuation coefficient
or just attenuation coefficient or In N
narrow beam attenuation coefficient
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Simple Exponential Attenuation
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1/u is the mean free path or relaxation length

Exponential attenuation for plural
modes of absorption
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Example 3.1

Example 3.1: TLetpu, = 0.02 cm™' and p, = 0.04 cm ™' be the partial linear at-
tenuation coefficients in the slab shown in Fig. 3.1. Let L = 5 cm, and N, = 10°
particles. How many particles N; are transmitted, and how many are absorbed by
cach process in the slab?

Example 3.1

Example 3.1: Letp, = 0.02 cm ™' and g, = 0.04 cm ™! be the partial linear at-
tenuation coefficients in the slab shown in Fig. 3.1. Let L = 5 cm, and N, = 10°
particles. ITow many particles N; are transmitted, and how many are absorbed by
cach process in the slab?
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7.408 x 10°

The total number of particles absorbed is
Ny — N, = (10° — 7.408 X 10°) = 2,592 x 1U°
The number absorbed by process | is

L e e L
©“ 0.06

and by process 2,

: o ., Dot Y
AN, = (N, = N;) 22 = 2,592 % 10° x — = 1.728 x 10°
noh 2 P 0.06
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Narrow Beam Attenuation of
Uncharged Radiation
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all scattered and secondary particles that reach the de-

a.  Discrimin
tector, sis of particdle energy, penetrating ability, direction, coin-
cidence, anticoincidence. time of arrival (for neutrons), etc

b.  Nariow-beam geometry, which prevents any scattered or secondary particles from

reaching the detector.

Broad-beam attenuation of
uncharged radiation

In ideal broad-beam geometry every scailered or secondary uncharged particle strikes the delector,
but only if generated in the attenator by a primary particle on ils way to the detector, or by a

secondary charged particle resulting from such a primary.
&r_‘ — e_,blan
RU

In the “straight-ahead approximation” , the p’ is approximated
by p,, for thin absorbers layers. In this case, the scattered and
secondary particles are supposed to continue straight ahead to
until they reach the detector.
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Summary of geometries and
attenuation

1. Narrow-beam geometry. Only primaries strike the detector; p is observed for
monoenergetic beams.

2. Narrow-beam aitenuation. Only primaries are counted in N; by the detector,
regardless of whether secondaries strike it: pis observed for monoenergetic beams.
3. Broad-beam geometry. Other than narrow-beam geometry; at least some scat-
tered and secondary radiation strikes the detector.

4.  Broad-beam attenuation. Scattered and secondary radiation is counted in N,
by the detector. u' < u is observed. (Note: Narrow-beam attenuation can be
obtained in broad-beam geometry if only the primaries are counted in N, .)

Summary of geometries and
attenuation

5. Ideal broad-beam geometry. Every scattered or secondary uncharged particle
that is generated directly or indirectly by a primary on its way to the detector,
strikes the detector. No other scattered or secondary radiation strikes the detector.
(Note: Ideal broad-beam geometry can be simulated if each out-scattered particle
is replaced by an identical in-scattered particle.)

6. Ideal broad-beam attenuation. Ideal broad-beam geometry exists (or is simu-
lated), and the detector responds in proportion to the radiant energy incident on
it. In that case p’ = p,,.
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Some Broad Beam Geometries

Some Broad Beam Geometries
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60CO (1.25 MeV)  2®Hg (0.279 MeV)
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Some Broad Beam Geometries

1. Excessive in-scattering, for example caused by backscattering from an atten-
uating medium located behind the source or the detector, or by crowding
of scattered rays in proportion to the cosine of the mean scattering angle 0,
so that the particle fluence increases as 1/cos # behind a thin plane scatterer
in a plane parallel beam (see Fig. 1.5).

2. Energy-dependence of the detector, causing it to over-respond to the arriving scat-
tered rays.

Spectral Effects

» So far we have ignored the energy response of the
detector, except to require a constant response per
unit of radiant energy for ideal broad beam
attenuation. For monoenergetic beams this is not a
problem.

* In broad beam geometry we have scattered and
secondary particles produced that reaches the
detector, one must consider the detector response
for these particles, which tend to degrade the
primaries to lower energies.
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Spectral Effects

The simple counting of particles (fluence) is
not useful for attenuation
measurements.Our interest in radiation
dosimetry is the ability of the radiation to
ionize or excite matter. Therefore, it is more
Important to weight the particles by their
energy, in other words, to the energy
fluence or the radiant energy arriving at the
detector (detector response function).

Spectral Effects




Spectral Effects

» The narrow beam attenuation for a given
medium and spectra will have a mean p that
depends on the attenuator thickness L as well as
the detector response function.
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The Buildup Factor

TABLE 3.1. Comparison of Exposure Buildup Factor B and Mean Effective
Attenuation Coefficient i’ for a Plane Beam of 1-MeV y-Rays in Water”

X./X, L 7'
uL = Be (cm) (em™") B'iu
1.7 0.548 24 0.025
4.0 0.110 57 0.039
6.3 1.84 X 107° 89 0.045
10.9 3.69 x 1074 154 0.051
14.6 L7 X207 207 0.054
0.0706 cm™'; p., = 0.0309 cm ™!

The Buildup Factor

_— Hen'= 003095

107 =

He-00706em ™! A

15
FIGURE 3.7, beam of 1-MeV y-rays in water.
Note that any # o , cven though the o
Iabellcd L, that is, the depth L in
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The reciprocity theorem

MEDIUM P MEDIUM Q
e~ lsc,, Exact for P=Q
A ey

a) % PRIMARY ‘q) FOI’ P#Q )
SOURCE DETECTOR Exact only if
scattering is the same

or approximately the

S e same as in the case
SEAYIE= >
b) @@= [rmw g of Compton effect
DETECTOR SOURCE
FIGURE 3.8. The reciprocity theorem in radiation transport (see text).

The reciprocity theorem

FIGURE 3.9, Illustration of reciprocity theerem according to Mayncard (1943).

The integral dose® in a volume V due to a y-ray source uniformly distributed throughout
source volume § is equal to the integral dose that would occur in § if the same activity
density per unit mass were distributed throughout F.
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Proof of the reciprocity theorem

Homework assignment for Monday
Medium: Air
If there were no attenuation, the photon fluence @ at
dv for an irradiation time of At

¢ = a4 A.r (photons/m*) dA:A,pldS
s A’= specific activity (Bg/kg)
¥ =1602x 107" dr  (J/mY) ds = elementary volume (m3)
— Assumption:
K, =¥ (‘;—/)} (k&) decay of one photon with
= energy E per disentegration
Kerrm; V due to activity in volume S
Also, D=K_

The reciprocity theorem

A’y AL E(penlpo)ic y ds

D=1602 x 107 ;
4ar-

Still considering no attenuation

Only primary radiation ‘—> 6( — 1T — §272 — U313) ‘ Dose at dv due to S ‘

1602 X 10 " A'p; At E(p /)iy k ¢ (s s

DII)? y S ff}
- 47 oo
D(V,S) = integral of D,,,po,0v
1.602 % 10733 Arp po At E(pilps)p oy | [ e tpr Fresatnp)
Dy, Sy =202 X 10~ 4 P102 (Ben/Po)E 1 5 3 ¢ = do ds
4 vids T
.. 9 % 1. 15 1, = AI E .h‘}, = r {ripey + ripg + raps)
DS, 1y = SOV X102 Lpipy At Bliilpi)es 5 ! e
4 541 i

D(V,S):D(S,V) if (ﬂen/pz)E,V: (ﬂen/pl)E,S
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The reciprocity theorem

If § and ¥ in Fig. 3.9 contain identical, uniformly distributed total activitics, they will
each deliver to the other the same average absorbed dose.

If all the activity in S is concentrated at an internal point P, then the dose at Pdue to the
distributed sourcc in ¥ equals the average dose in F resulting from an equal source at P.

The dose at any internal point P in S due to a uniformly distributed source throughout S

itself is equal to the average absorbed dose in S resulting from the same total source
concentrated at P.
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