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X-Ray Interaction with Mather

The topic of my presentation is ....

Objective:
v Five X-Ray Interaction with Mather

v Exponential attenuation law of Photons
v’ Half Value Layer

X- ray interaction:

X- ray energy in the form of photons :
Interacting with tissue

receptor forms the X-ray imaging

INTERACTION OF X-RAYS WITH MATTER

Incident X-ray Beam

Fluorescent X-rays Electrons

Transmitted beam |

I Compton recoil

Scattered X-rays

Photoelectrons

Diffracted X-rays  Compton modified electrons
Unmodified (incoherent)
{coherent)

Auger electrons
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Photon Phase

Photons :can be absorbed / scattered/ passes
1- Absorbed:

Absorption: completely removed from beam '
Attenuation : Reduction of intensity,

Radiographic image : difference in attenuation gives the radiographic image.

2- Scattered .

— change in direction
— no useful information carried .
— source of noise

3- Nothing

— Photon passes unmolested -




(MQ) pala g X Axd (yu bl (sLA ) g
oala by X Axdi) (598 Sq 2 A 0 gl sl o))

2,03 Wi 93 98 (Scatter) diload) 5 s 4 Kl @ (Attenuation) Gials aiy
W35 glad o eSS ) 918 Jaldi ny

(Sl hudlS) (i grar (A0S 5 -1

S A g8 5 -2

(SFud) ) Gigas (A2 -3

Interaction cada Al gl 4
between object and X-ray

. ® 2 - “
G5 R b gl 4l - 5
Coherent Scatter(Thomson Scatter)
Incoherent ScattenCom pton Scatter)
Scattering
Incident X-ray

Transmission

Photo electron ‘l(f B FIGURE 1-15 The conservation of momentum occurs with
, every billiard shot.
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1- Coherent scattering (Classical)

Coherent Scattering: Describes what happens when an
Incident x-ray ( A ) interacts with target atoms.

Incident
x-ray

The target atom : becomes excited and releases its rEA

excess energy as a scattered x-ray (A ) e s T o
changes direction slightly, The wavelength of the incident

Equal Wavelength ()\, — ;\_,’ ) and the refo r-e equal ene rgy. x-ray is equal to the wavelength of the scattered x-ray.

The direction: of the scattered x-ray is different from the incident.

What happens in coherent scattering ?

O Low energy radiation encounters target electrons
O Electrons are set into vibration

O Vibrating electron, emits radiation. (1)

O Atom returns to its undisturbed state.

[

{
ExcI TATION 1\

(%
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X-ray interaction with matter conti.

2- The Photoelectric Effect

What happens in Photoelectric effect ?

An incident Photon:

» encounters inner shell electron

» (Kor L) of matter atom and

» Giving up ( nearly) all its energy to the electron.
» the photon disappears,

Inner shell electron :

v' Ejects from the orbit

v' The electron flies off into space as a photoelectron

v carrying the excess energy as kinetic energy.

v" The K shell electron void filled immediately by another electron and
v hence the excess energy is released as

Secondary Radiation: The atom is ionized.

Summering:

lonizing: X-ray undergo ionizing interaction with inner shell electrons.
Absorption: The x-ray totally absorbed , but not scattered.
photoelectron : The electron removed from atom, called a photoglectron.

Photoelectron

FIGURE 13-4 The photoelectric effect occurs when an
incident x-ray is totally absorbed during the ionization of an

inner-shell electron. The incident photon disappears, and the

K-shell electron, now called a phatoelectron, is ejected from
the atom,

10
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[13.8/7.4]3=6.49

TABLE 9-2

Al Ah £ ) B aed e 3 haSa &y odle (g A8 An a3

LSS g gh oy £ g8 Jlaial () 8 Al o ¢

(A Jp Ahea slighig s (oala i a32)3 b Z3 L cund uuiliia oyl

(a5 550 L/ES e cials o st sigh 5N Al g) (9598 (5 530 Gl 380 L 24

Ll gl 2 7.4 a3 238 a i 8L L 13,8 o0 230 Ly ) ghdan) 3 Sq S 638 0 ) 68 gy Jlaial ¢ JUia

Atomic Number and K-Shell Electron
Binding Energy of Radiologically
Important Elements

Atomic K-Shell Electron
Element Number Binding Energy (keV)
Hydrogen 1 0.02
Carbon 5] 0.3
Nitrogen 7 0.4
Oxygen 8 0.5
Aluminum 13 1.6
Calcium 20 4.1
Molybdenum 42 19
Rhodium 45 23
lodine 53, 33
Barium 56 37
Tungsten 74 69
Rhenium 75 72
Lead 82 38

Movahedi

TABLE 9-3 Eifective Atomic Number of
Materials Important to
Radiologic Science

Type of Substance Effective Atomic Number

HUMAMN TISSUE

Fat 6.3
Soft tissue 7.4
Lung 7.4
Bone 12.8
COMNTRAST MATERIAL

Adr 7.6
lodine 53
Barium 56
OTHER

Concrete 17
Molybdenum 42
Tungsten 74
Lead a8z

12
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of the target atom, a change in x-ray direction, and a reduction (%JM Jd‘) ?Sﬁﬁ JJ gSJ\,M 4a A.AA\QJ ‘_;LA‘ (_SALQ
in x-ray energy. The wavelength of the scattered x-ray is
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X-ray interaction with matter conti..

3. Compton effect

The Compton effect occurs when:
Photon: The incident x-ray photon with relatively high
energy interact with an outer-shell electron

outer-shell electron:

» Ejects from the atom

» lonizing the atom

» The ejected electron is called a Compton electron
or Secondary electron.

A X-ray photon of lower energy: is scattered from the atom.
» The X-Ray continues in a direction with less energy. (L # L)

Role : All most all the scatter radiation that we encountered
in diagnostic radiology comes from Compton Scattering

Movahedi

FIGURE 13-2 The Compton effect occurs between moderate-
nergy x-rays and outer-shell electrons. It results in ionization

of the target atom, a change in x-ray direction, and a
reduction of x-ray energy. The wavelength of the scattered
x-ray is greater than that of the incident x-ray.

V

Incident Photon

N
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FIGURE 9-11 When an x-ray is Compton scattered, the image
receptor thinks it came straight from the source.
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Table 17-1 shows the percentage of x-rays incident on
a 10-cm thickness of soft tissue that will undergo photo-
electric interaction and Compton interaction at selected
kVp levels from 50 to 120. Kilovoltage is one of the fac-
tors that affect the level of scatter radiation and can be
controlled by the radiologic rechnologist.

Q5SS S 938 3553 0 da )3 Ol 9 KVp Gl 3 O Adaad ) 1d g

Percent Interaction of X-Rays by Photoelectric and Compton Processes and Percent Transmission

Through 10 cm of Soft Tissue

PERCENT INTERACTION

Percent
kvp Photoelectric Compton Total Transmission
50 79 21 >99 <1
60 70 30 =99 <1
70 60 40 >99 <1
80 46 52 98 2
90 38 59 97 3
100 31 63 94 6
110 23 70 93 7
120 18 73 91 . 9
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Incident
x-ray

0.51 MeV

FIGURE 9-8 Pair production occurs with x-rays that have ener-
gies greater than 1.02 MeV. The x-ray interacts with the nuclear
field, and two electrons that have opposite electrostatic charges
are created.
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X-ray interaction with matter conti..

4. Pair production
Incident Photon @ &)
_ _ _ .'/‘_B;
What happens in Pair production ? é‘ﬂ
If an incident x-ray has sufficient energy, and Y

come close enough to the nucleus of the atom,

the interaction between the x-ray and the nucleus field

cause x-ray disappear, and in its place two electrons appeared

one positively charge (positron) and one negatively charged (electron).

Incident

Photon energy : A high energy photon (1.02 MeV) x-ray
interacts with the nucleus of an atom. '

0.51 MeV. 0.51 MeV.

FIGURE 13-8 Pair production occurs with x-rays that have

energies greater than 1.02 MeV. The x-ray interacts with the

nuclear force field, and two electrons that have opposite
clectrostatic charges are created. The positron annihilates
Movahedi with an electron, creating two 0.51-MeV photons.
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Photoelectric
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FIGURE 10-10  Three types of x-rays are impartant 1o lhe
making of a radiograph: those scattered by Compton interac-
tion (A); those absorbed photoelectrically (B); and those trans.
mitted through the patient withoul interaction (C).
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X-ray interaction with matter conti..

5. Photodisintegration
What happens in Photodisintegration ?

A photon with extremely high energy ( 7-15 MeV),

Interacts directly with the nucleus of an atom.

May eject a neutron, proton or on rare occasions even an alpha particle.

No diagnostic importance.

We rarely use radiation >150 KeV in diagnostic radiology.

Movahedi

Incident
x-ray

Nuclear
fragment

FIGURE 9-9 Photodisintegration is an interaction between high-

energy x-rays and the nucleus. The x-ray is absorbed by the
nucleus, and a nuclear fragment is emitted.
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Attenuation coefficients

“IQIZMBE “Gﬂh MGS HEE
u : Linear attenuation coefficient . m

A- a a aYals g

I, . Mass attenuation coefficient: p/p [cm2.gm]
Density p : characteristics of the medium 7

|

=cm?/gm

Hm

° u/p same for water and water vapor (different p)
° u/p similar for air and water (different p)

uwater = uice = usteam

Movahedi
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Interaction of radiation with matter
Beam attenuation and Half value thickness

1- Mono energetic beams
2- Heterogeneous beam

1- Attenuation of Mono energetic beams
Linear attenuation depends on p : [cmY] L BEHHE
v/ characteristics of the medium (density p)
4 photon beam energy

g
:.i;
&

Exponential attenuation law of photons:
di/l = - pdx 20%  20%  -20%

L, =loexp (-px) = | =1,

I: Photon intensity after interaction :(number of photons per unit area per second)

|,: Photon intensity before interaction

e=2.71: Nipper number

u: the linear attenuation coefficient [cm]

X: thickness of matter (Patient thickness)
Movahedi
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Determination of the HVL

Several methods can be used to determine the HVL of an x-ray beam.
Perhaps the most straightforward way is to graph the results of
X-ray intensity measurements made with an

experimental setup, like that in Figure below.

X-ray quantity (LGya)

1.2

1.0

0.8

0.6

0.4

0.2

DATA

(mm Al) (MGya)
0 1.18
1 0.82 5
2 0.63
3 0.51
4 0.38 3
| 5 0.29
S EEEEEEEe .
| : 4
1
1
1
[ 1
i 5.
c | HVL=2.4mm Al 6.
| ] | |
0 1 o 3 4 5

Absorber thickness (mm Al)

Absorber thickness X-ray quantity

STEPS TO DETERMINE THE
HALF-VALUE LAYER

1.

Determine the x-ray beam intensity with no
absorbing material in the beam and then with
different known thicknesses of an absorber.

. Plot the ordered pairs of data (thickness of

absorber, x-ray quantity).

. Determine the x-ray quantity equal to half the

original quantity and locate this value on the
y- or vertical axis of the graph in Figure 8-3.

. Draw a horizontal line parallel to the x-axis

from point A in step 3 until it intersects the
curve (B).

From point B, drop a vertical line to the x-axis.
On the x-axis, read the thickness of the
absorber required to reduce the x-ray intensity
to half of its original value point (C). This is the
HVL.
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THANK YOU
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The End
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Di1= 24 0 0124A°
1000
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Question: How much more likely is an x-ray to interact
with bone than muscle?

a5yt 2628 _
Answer: [ I_:H ) = _-EH = [(.5
1 .II..' & =

Compton scattering of x-ravs is independent of the
atomic number ot different tissue (Figure 13-3). The
probability of Compton scattering for bone atoms and
tor soft nissue atoms is about equal and decreases with
increasing x-ray energy. This decrease in scattering, how-

To image small differences in soft tissue, use low
kVp to get maximal differential absorption.

Movahedi
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Question: If the relative probability of photoelectric in-
teraction with soft tissue for a 20-keV x-ray
is 1, how much less likely will an interaction
be for a 50-keV x-ray? How much more
likely 1s mteraction with iodine than with soft
tissue for a 70-keV x-ray?

Answler- 20_k6\, ‘-_- :?'\)‘
' (5() keV ) ( 5

= (0.064, the probability of 50-keV in-
teraction compared with 20-keV

reaction
Atomic number of 1odine = 53
Aromic number of soft tissue = 7.4

BEN o -
(73{ ) = 368, the probability of interacton with

todine compared with sofr tissue

Movahedi



‘B aladl 10 mAs , 110KkVp b (ol (usl dnd gl S
Kl s £ e 032 (32mR) 3, 132 o cndias
A ) pA i Gad b () 3 20 mA 4 el sl

Question: A lateral chest technique calls for 110 kVp
and 10 mAs, which results in an x-ray inten-
sity of 32 mR (0.32 mGyv,) ar the position of
the patient. If the mAs is increased o 20 mAs,
what will the x-ray intensity be?

. b
Answer: — _ 20 mAs
32 mR 10 mAs
-;__'ﬁ_'-" mAs E_,',',I:I' mk\
10 mAs

H54 mR

&
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kVp,

S (&P_:)

where /, and /, are the x-ray intensities at kVp, and
kVp,, respectively.

Question: An extremity is examined with a technique of
58 kVp and 8 mAs, resulting in an entrance
skin exposure of 24 mR. If the technique is
changed to 54 kVp and 8 mAs to improve
contrast, what will the x-rav quantity be?

Answer: | ( 54 kVp ].'

24mR |58 kVp
1 =24 TI\R(M._
58 kVp,

= (24 mR){(.93)2
= (24 mR)(().867]
= 20.8 mR
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Question: A radiographic technique calls for 80 kVp

Answer:

135 mR | 30 mAs

and 30 mAs and results in 135 mR (1.4
mGy,). What is the expected entrance skin
exposure if the kVp is increased to 92 kVp
(+15%) and the mAs reduced by one-half to
15 mAs?

| _ (15 mAs ]( zj t::'r::]—'

15 mAs /92 kVp !
30 mAs }{ 50 L:Vp)

= 155 mR{(.5)(1.32)
= 89 mR

= 135 mﬂ.(

Movahedi
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Question: A 50-keV x-ray interacts photoelectrically

Answer:

with (a) a carbon atom and (b) a barium
atom. What is the kinetic energy of each pho-
toelectron and the energy of each characrer-
istic x-ray if an L-to-K transition occurs? (See
Figure 4-9)
1. B =K — K,
= 50 keV — (.3 keV
= 497 keV
= 0.3 keV — 0,006 kcV
= 0.294 keV
b. Exe = E, — E,
= 50 keV — 37 keV
= 13 keV
E, = 37 keV — 5.989 keV
= 31.011 keV

The probability of photoelectric interaction is
inversely proportional to the third power of the
X-ray energy.
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Question: It an 80-keV x-ray has a relative change of
one photoclectric effect within the first cen-
tumeter of sott nssue, what is its relative prob-
ability of interacting with the following:

TABLE13:3 |  Effective Atomic Numbers of
Materials Important to Diagnostic

a. Fat (Z = 6.3) Radiology
b. Barium (Z. = 56) Substance Effective Atomic Number
Human tissue
Fat 6.3
Muscle 7.4
Lung 7.4
Bone 13.8
j ﬁ__':l L :
Answer: 4 I; o 0.62 Contrast material
7.4 Air 7.6
THE lodine 53
| "l ¥ L _— i
b, | = 433 e %
\ i ._1 | O‘hef
Concrete 17
Molybdenum 42
Tungsten 74
Lead 82

Cubic relationships. The probability of interaction pro-
portional to the third power changes rapidly. For the

Movahedi



Question: Assume thar all x-ray interactions during

Answer:

mammography are photoelectric. What is the
differential absorption of x-rays in microcal-
cifications relative to fatty tissue?

Differential absorption as a result of atomic

number =
i )
l_ﬂ) = 2000 _ 32:]
6.5 250
Differential absorption as a result of mass density
1550 -
= =22 = 1,7:
911

Total ditferennal absorprion = (32)(1.7) = 54.4:1

Question: What 1s the probability that an x-ray will in-
teract with iodine rather than soft tissue?

Answer:

ber = (

Ditferential absorprion as a result of atomic num-

53

"= 367
)

Ditterential absorprion as a result of mass density

4.93
1.0

= 4.95:1]

Total ditferential absorption = 367 x 4,93 =
1809:1
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