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Evolution of Teaching method

Teaching method evolved over time with the experience of
teaching and one to one interaction with
ogy residents
Dosimetry school students
Postdocs from secondary fields

Starting medical

at University of Maryland, Baltimore from 200




Students attitudes to learning Radiation P

Some observations inclu

Students showed a desire to unders
physics, and not just ms ot be proficient in
nical calculations.

would quickly get bored if we on

clinical problem solving without a clear mental 2 5
¢ Basic physics clinical physics

Some common misconceptions. . .

“Electronic equilibrium is needed to measure d
“Terma r nts primary dose and kernel. ent scatter dose”

“Penumbra is caused by

s are caused by
»ndary electrons in do
d “Scatts

Monte Catlo as a teaching too

To facilitate explicit visualization of radiation physics, and
To enable students to make explicit connections with clinical
physics.

A Monte Carlo code (“Athena”) is developed with medical phy

education in mind.




Relating attenuation & photon interactions

s a primary photon, v
m (attenuation)

beam attenuation are flip sides of the same coin.

Emphasizing the electrons!

All dose is due to ionization and excitation
ry electrons released
interacton points.

X
and secondary | |,
electrons |

Electrons can travel a few cm from their

release site.

Follow electrons to understand dose!

ion density, fluence & Primary Kerma,

Interaction density s the fluence Primary
5 : Interaction
fewer photons available downstream points

produce fewer interactions.

trons go.
does not depend on electron transport.

al fall off in primary:

interaction density.




mary dose, D,

Dose in “box A” counts

deposited by electrons in A
ardless of where they origi

Primary dose deposited electrons
released in first photon interactions.

(D, does not count interactions of
scatter photons).

the order of the interaction in the MC code and
only 1 order interactions).

Scatter dose

photon int
compton scatter photons,
bremstrahlung photons,
annihilation photons,

e tracks are detached from the
y interaction i

But are not the
physical penumbr:

Profile comparisons: K, D, , D,

Primary kerma is sharp for
a perfect point source. Kprimary Dirimary

Primary dose has physical
penumbra due to lateral
spread of electrons.

Scatter dose is diffuse as
scatter photor

outside the b

(profiles are normalized individually)




Physical penumbra vs. scatter tails

primary dose

s of the profile are made of
r dose. L §

FoPhysea o
penumbra

Scatter does not affect phy
pC num l)\'ﬂ much

Understanding photon buildup (regional analysis)

Divide phantom into imaginary i
Sieal) Sy K

slabs.
Sla 1 prsy dose

contribution Sl 27 primary dose

Find contribution of each slab. / contrburion

Note the s ¢ of the dose

distribution does not change

e tracks from photon
interactions n slab 1 only

Height changes due to

Understanding Buildup: Two slal

214 slab receives upstre:

contribution from 1

primary dose from photon
interactions in slab | and 2 only

bs until we are
nge of the 1% slab

- tracks from phoron interactions
in slab 1 and 2 oy




Understanding Buildup: Five slabs. ..

5th slab receives little contri

primary dose from photon
interactions upto 25 cm

“Saturation” i

Electrons “lost” out of slab5 are

essentially replaced by electrons
from points upstream, (electroni
equilibrium) and SRS cacks rom phocon interactions

upto 2.5cm

Kerma and Dose are nearly equal.

Understanding buildup
In Summary: prnary kerma

Dose at each point depends on
electrons released in slabs upstream.

Total pimary dose

Siab dose component

Surf ab has no upstream
contribution, hence lowest dose.

am contribution b
ays constant except for
ngth due to attenuation.

PDD: primary and scatter components

T T T T T T T T T T T T T

Buildup is mainly in primary dose
i ' 18MV beam

Scatter has little influence on
buildup.

Scatter dose
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Lateral buildup and lateral equilibrium

Studying interface effects

Students find it hard to understand why
there are build-up and build-down

S.

Overlaying the isodose lines on the

gio
ults in lateral disequilbrium.

Interface effects: (regional analysi

Buildup due to interactions in lung

compens ) moving inward.
buildup is incomplete
quilbrium)




Visualizing a ki

pencil beam kernel oint kernel

Collapse laterally Collapse vertically

How do ketnels look in convolution/supetposition

Provides insights into convolution
perposition method with addition of
weighted kernels.

Color coding electron tracks

20MeV e- incident

No coding ergy Energy loss rate
(color coding)




5 MeV photons incident

.
But photon beam electron spectrum {
remain ntially fixed.

Explains need of water-2 Opping
power ratio in PDD measurement for e-
beams with ion-chambers

No correction generally needed for
photons

Spectral corrections for detector in tail?

Shall we “force” the model to match
rements everywhe

Color coding application: Protons & Brz




Electron Beams: Wherte is th

End of track ionization density is
higher as stopping power ri
decreasing energy

But increase rate of energy los
happens when there is not much
energy left to deposit.

Also all individual “bragg peaks” get
smeared out due to excessive lateral
ults in no loss rate

Conclusion

In this work, it is shown
Monte Carlo simulations can be used as an effective educational tool

help to elucidate the physics by breaking the physical pro into lay
complexity.

Help in making explicit connections with clinical concept

Helps develops physical insight so that new situations can be evaluated with sound
judgement.

of “discove
c motiv:

Could make learning more fun, and 1
concepts in radiation physic




