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Biophysics is an interdisciplinary science that applies
approaches and methods traditionally used in physics to
study biological phenomena.
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Medical physics, a branch of biophysics, is any application
of physics to medicine or healthcare.
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History

. 1840s - Berlin school of physiologists (H.Helmholtz, E.H.Weber, C.F.
W Ludwig, J .P.Miiller)

1892 - The term biophysics was originally introduced by K. Pearson



History

‘ o+ 1944 - What Is Lite? by Frwin Schrodinger was published.



History

WHAT IS LIFE?
The Physical Aspect of the Living Cell

with

MIND AND MATTER

&

AUTOBIOGRAPHICAL

SKETCHES

ERWIN SCHRODINGER

1944 - What Is Life? by Erwin Schrodinger was published. TR



» 1780 - Luigi Galvani
« 1840s - Berlin school of physiologists (H.Helmholtz, E.H.Weber, C.F.

W Ludwig, J.P Miller|
« 1892 - The term biophysics was originally introduced by K. Pearson
- 1944 - What Is Life? by Erwin Schrodinger was published. .
« 1957 - first Biophysical Society |




Radiation Bio Physics

Among the
several field of
this discipline, we
will focus on
radiation
bio-physics.
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Radiation Bio Physics

Among the
several tield of
this discipline, we
NV1ll 1OCUS Ol

radiation
bio-phy:

Stucly of the etects

of radiation on
cells, tissues, bio-
molecules, and living
Organisms.

P

11



Radiation Bio Physics

Among the
several field of
this discipline, we
will focus on
radiation
bio-physics.

5o that some
concept about
radiation
interaction with
biological matter

will follow
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Radiation Bio Physics

Among the
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this discipline, we
will focus on
radiation
bio-physics.
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Radiation interaction with biological matter
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Radiation interaction with biological matter II*
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Radiation interaction: quantities

1
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Radiation interaction: quantities

Linear Ener ng Transfer Dose:
Energy deposited per
Energy 1oca y 1mpartecl unit of mass

to t]ne medlum over the
length interval dl.

dE dE
g7 —I[KeV/um]  Dose = —|Gy|

dm

LET =

11

Relative l)lologlcal
effectiveness (RBE)
ratio of the dose requlred
by two radiations to cause
the same level of effect.

D.
RBE = —f}|i‘°SO€ ect
D rad ffect
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LET

Protons in H,0 Carbon lons in Hy,0
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RBE

Relative biological

etfectiveness depends on:

« radiation quality
« radiation energy
* tissue
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RBE

Relative biological
effectiveness depends on:
« radiation quality

« radiation energy

* tissue

Several models available
to predict survival, the

most diffused is the
Liner Quadratic model

—1InS = aD + BD?

10%

Survival fractions

1%}

D pan. D xray Dose

___________________ =D particle

paticle X- ray
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RBE

Relative biological
effectiveness depends on:
« radiation quality

« radiation energy

* tissue

Several models available
to predict survival, the

most diffused is the
Liner Quadratic model

—InS =aD + BD?

1%}

Survival fractions

v
Hot topic

10% p---~%---

D xray Dose

___________ =D particle

paticle X- ray
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LET vs RBE

RBE

LET

e
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LET vs RBE

RBE

Probabilit§ of a single
track causing a DNA
DSB is low — single
tracks have to interact:
X-rays biologically
inefficient

LET
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LET vs RBE

Probabilit§ of a single
track causing a DNA
DSB is low — single
tracks have to interact:
X-rays biologically
inefficient

RBE

B

of causing a DNA DS
from a single particle:

OPTIMAL
LET

ighest Probability

iologically efficient

LET

25



LET vs RBE

OPTIMAL HIGH LET
LET "OVERKILL"

OQverkill: per Gray

more densely
ionizing radiations
are just as effective
per track, but less
effective per unit
dose

Probabilit§ of a single
track causing a DNA
DSB is low — single
tracks have to interact:
X-rays biologically
inefficient

*-.-.- .

RBE

ighest Probability
of causing a DNA DS
from a single particle:
Biologically efficient

LET




LET vs RBE
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.lia,tion type




adiation type

c-particle

0—:..

[B-particle

D

X-or y-rays

AN\

neutron

>

paper

aluminium

lead

)

water, concrete..







Proton
therapy




| Proton
| therapy

pace
radiation




Iontherapy




Iontherapy

Cancer treatment by using charged
particles.

Within electromagnetic and nuclear
interactions , as they slow down
energy deposited per depth unit
(LET) increases until particle comes
to halt, and there is sudden peak of
energy (Bragg peak)

34



Iontherapy

Cancer treatment by using charged
particles.

Within electromagnetic and nuclear
interactions , as they slow down
energy deposited per depth unit
(LET) increases until particle comes
to halt, and there is sudden peak of
energy (Bragg peak)

— o S —
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lontherapy: physical advantages

Tumor

0 I8 @ Proton Therapy
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lontherapy: biological advantages
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Input
: Patient Information

Radiotherapy treatment units
Patient data: Beam data: '

CT scan, outlines radiation quality, particle, energy, ...
- .

TPS

Localisation of tumour
and critical structures

Iontllerapy




Radiotherapy treatment units

Patient data: Beam data:

.
& CT scan, outlines radiation quality, particle, energy, ...
+
i>'} Localisation of tumour
o, and critical structures
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Iontherapy: TPS

Patient data:
CT scan, outlines

+

Localisation of tumour
and critical structures

Beam data:
radiation quality, particle, energy, ...

Optimization of source

Accurate

biological
dose s
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xperimental room




APSS & EXperiment al room Open to external ufers, PAC for proposal

evaluation
http: / / www.tifpa.infn.it / sc-1nit / med-tech / p-
beam-research /

Courtesy of F. Tommasino



APSS & EXperiment al room Open to external uTers, PAC for proposal

evaluation
http: / / www.tifpa.infn.it / sc-1nit / med-tech / p-
beam-research /

Beam Production:

[sochronous Cyclotron IBA
Proteus 235

Energy Range: 70-225 MeV
Beam Current: up to 320

nA
Typical Efficiency: =Hb%

= 54 Proposals received since 2016

»  Main activities: detector testing, «m,
radiation hardness, radiobiologye'”
»

vailabilit
19:30-22:30 .
Sat 8:00-14:00 e

Courtesy of F. Tommasino e




APSS & Experimental room: passive scattering line for Radiobiology

Dual—ring setup for beam sllaping + Range modulator

1 - 3 4 5 6 7 1 Beam pipe 5 Range Modulator
—— :I i 2 First Foil 6 Collimation (optional)
- — |:| E 3 Monitor Chamber 7 Target Position
4 Dual Ring
50 cm 8 cm
< >E——->
< 150 om > Two large-field setups:

- Setup 1: 6 cm “target” radius
- Setup 2: 16 em “target” radius
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Courtesy of F. Tommasino
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MOVG-IT{}#“;!- ﬁ/bve IT Modeling and "I-I’f-nf;l;tmn "“--H_

Courtesy of E. Scifoni
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Physics ‘\ r Radiobiology \
* Depth dose distributions (=Biological effects +micro/nanoscale physics)
* Nuclear Iragmentl specira * RBE :FE: LEMx, MKM) k‘.,
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i Patient Imaging dat: /
Beamline specifics se—— iient Imaging data /
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MoVe-IT

Elettra Bellinzona (TIFPA) L. Cella (NA)

WP1

RB modeling
for TPS

T1.1: RBE
modeling for

WP2
NTCP/TCP

Giorgio Russo (LNS)

WP3
Biological
Dosimetry

protons

T2.1: NTCP models
on proton patient
data including RBE

T3.1: Devices for
spatially resolved proton
RBE measurement

Pablo Cirrone (LNS)
WP4
Facilities

and beamline simulations

T4.1: CNAO/TIFPA/LNS
lines development for
beam delivering

T1.2: OER and ITH

modeling

T2.2: TCP/NTCP
including hypoxia for
different ions

T3.2: Hypoxic, Coculture
and Stem cells devices

T4.2: MC Simulations for
beamlines/target
stations for in vitro/in
Vvivo exp

T4.3: Detectors for beam

e Bt N

] T3.3: In vivo and flux and beam energy o e
Molecular biomarkers measurermert
| | | | »
WPO o
Coordination& Dissemination 4

Courtesy of E. Scifoni Emanuele Scifoni (TIFPA)



FOOT -

Characterization of the fragments generated in the target to improve the
knowledge of the p->patient (p->H,C,0) interaction at therapeutic energies

[« Charge
Fragmentation double d“o * Mass
differential cross-section = dQOdE * Momentum
* Generation angle

Particle therapy
Data used to improve the accuracy of the TPS
(Treatment Planning System)

Courtesy of S. Colombi |



FOOT

Shooting a proton on a patient (i.e., at 98% a C, O, H nucleus) could not be the right choice.
A possible work around is to shoot a patient (i.e., 0, C beam) on a target made of protons
and measure the fragments

Direct kinematics Inverse kinematics

Tissue Tissue
3. ) Sy Proton Be fi L
Proton ¢ ) Tarmt Fre )qmeht-_». o ':]T‘ F(J:L?I'T'h'-'f'l -
o — - @ — o
@ ---‘

g ¥
O and short range g and longer range

proton on patient patient on proton

By applying the Lorentz
transformation it is possible to B
switch from the laboratory frame .f,"
to the patient frame

C

Courtesy of S. Colombi ‘ 1



e .
-~ MICRODOSIMETRY:
A change of paradigm

Microdosimetry

Mean values are used to

characterize the radiation held
quality and quantity
le.g. dose values)

deposition gf
radiation in a
Microscopic
volume is

stochastic ,

Detectors: Microdosimeters (solid state detectors or gas
proportional counters) = they simulate a cell nucleus
’ st
»

Courtesy of M. Missiaggia



Space radiation

2019 African Nuclear Physics Conference
ANPC, June 30 - July 5, Kruger, South Africa

Courtesy of C. La Tessa
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Space radiation

Health in Deep Space

1. Protection from space radiation
Eparticu]arly very high energy

eavy 10nS
2. Psychosocial and behaviour
problems
3. Physiological changes caused by ° b
microgravity .
2019 Afr Nule.ll'ysics C;};rence 59 :

ANPC, June 30 - July 5, Kruger, South Africa Court fC.LaT
our esy (0) . a essa



Space radiation

2019 African Nuclear Physics Conference
ANPC, June 30 - July 5, Kruger, South Africa

Radiation research topic

o Ground based experiments for
characterizing the space radiation field

o Optimization of shielding materials

« Dose estimation and risk evaluation

for any kind of space missions
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Courtesy of C. La Tessa



common issue: space & radio-therapy

In both fields, one of the fundamental questions is:
) What is the risk associated to the exposure on the radiation environment?!
The parameters involved are the same (LET, RBE medical outcomes..)

-

N lons used in radiotherapy represent an important subset of

-

the radiation environment found in space

o4 The accurate knowledge of the radiation quahty and the
]olologlcal effect is crucial for both

o4
Courtesy of C. La Tessa
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