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First, what else do we do in Seville?
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" Proton therapy studies @ U. Sevilla & CNA (I)\

Selected publications:

e M.A. Cortés-Giraldo, J. M. Quesada et al., An implementation to read and write IAEA phase-
space files in GEANT4-based simulations, Int ] Radiat Biol. 88, 2012

e M.A. Cortés-Giraldo et al., A critical study of different Monte Carlo scoring methods of dose
average linear-energy-transfer maps calculated in voxelized geometries irradiated with clinical
proton beams, PMB 60, 2015

e Allison et al. (including M.A. Cortés-Giraldo, J. M. Quesada), Recent developments in
Geant4, NIM-A 835, 2016

e A. Bertolet, M.A. Cortés-Giraldo, A. Carabe-Fernandez, Segment-averaged LET concept and
analytical calculation from microdosimetric quantities in proton radiation therapy, Med. Phys.
46, 2019

e A. Baratto-Roldan, A. Bertolet, G. Baiocco, A. Carabe, M.A. Cortés-Giraldo,
Microdosimetry and Dose-Averaged LET Calculations of Protons in Liquid Water: A Novel
Geant4-DNA Application, Frontiers in Physics 9, 2021

e Daniel Suarez, this workshop!

@ Microdosimetry @
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[ Proton therapy studies @ U. Sevilla & CNA (II)

Radiobiology beamlines at the 3MV Tandem & 18 MeV Cyclotron (PhDs of Battaglia & Baratto)

- C. Battaglia et al., EBT3 film calibration in the Bragg peak region for proton beams below 5 MeV,
NIM-B 444, 2019

- A. Baratto et al., Feasibility study of a proton irradiation facility for radiobiological measurements at
an 18 MeV cyclotron, Instruments 2, 2018

- A. Baratto et al., Preparation of a radiobiology beam-line at the 18 MeV proton cyclotron facility at
CNA, Physica Medica 74, 2020 . | |
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- Topics related to the acceleration of protons and ions by ultra-intense laser pulses, oriented to
biomedical applications [with I3M]

- Characterization of new 3D-detectors for microdosimetry in hadrontherapy [with IMB-
CNM-CSIC, IJCLab-CNRS, USC]

\ Prompt gamma imaging with MACACO [with IFIC-CSIC] /
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Now, PET beam range verification
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[Uncertainties in the beam range
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(PET range verification
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SE Combs, ] Bauer, D Unholtz et al,

BMC Cancer 12 (2012)
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/Types of PET range verification

The PET imaging can be applied online or offline,
depending on the half-lives of the [3*emitters that
one looks at, which can vary from milliseconds to
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" Full implemetation of PET range verification
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[ production cross section measurements

Y
(10

A Carlos GUERRERO “Research on PET range verification at U. Sevilla & CNA”
Santiago de Compostela, May 10t 2023

Z
1y
3 lin



http://www.google.ch/url?sa=i&source=images&cd=&cad=rja&docid=e8yrRIirUsEL4M&tbnid=FBwJ_plUBxmCrM:&ved=0CAgQjRwwAA&url=https://www.estiem.org/default.aspx?PageId%3D771&ei=35AkUp3wAZGf7Abk34HgCg&psig=AFQjCNHF6gdxSkhJhB_vHcQsVhEVtEVmnQ&ust=1378214495156181

[N uclear cross sections: state-of-the-art

= Long-lived B* emitters:
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= Short-lived B* emitters:

= No differential data (integral production yield below 55 MeV).
» Therefore, no reliable evaluated databases.

See Espafia et al. (2011) for a detailed (but not up to date) study on

“Reh’abih’ty gp proton—nuc]ear interaction cross section data to predict proton-

\ induced PET images in proton therapy”j
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R

[ Goal: A New/Accurate/Complete XS data set

Measurement of the proton-induced reaction cross sections of the long- and short-lived 3* emitters
from threshold up to clinical energies (200 MeV) in the main elements of the human body.
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But, can we do ~400 (11 reactions x 20to50 data points) experiments?
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[ “Activation” experiments at CNA, WPE and HIT)
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(I\/Iulti-foil activation with PET scanner

1. Single irradiation 2. Positioning 3. PET measurement
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[I\/Iulti-foil activation with PET scanner A

1. Single irradiation 2. Positioning 3. PET measurement
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" Mutifoil+PET @CNA & WPE

Long-lived isotopes: 1'C, 3N and SO

“« Motorized
table
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(Single foil+LaBr, @HIT

= Long-lived isotopes: 11C, 13N and °0O
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/Escaping positrons and photon attenuation

N

GEANT4

A SIMULATION TOOLKIT
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g Analysis of the decay curves

PE foil @ 15.8(4) MeV
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[Validation techniques: accuracy & reliability
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[Long-lived B* emitters
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[Long-lived B* emitters
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g Long-lived B3* emitters

140

T T T T T T |
4 108
11C 12C(p,X)11C 12 This work Py
Kettern 2004 HE
@ < ” ” = 1do Fassbender 1997 | || e S PSR
- ENDF/BVIIO [T 4 L
[ N(p,X) C E - JENDL/HE-2007 1§J1 l’ e
t;,=20.36 min k16O(plx)11C *§ ﬁ
SO S O S— |
; 50 {0 2040 6] 80 100 120 ;140 16 180
S Oftho S
2 Iy = o ] ———— i ; ]
- - Qi s M s LA B, S
13N 2C(p,x)*N AV Aoy A P P T T

40 60P 80 100 ‘ZI\Z/IOV)14O 160 180 200
roton energy (Me
D < e

tl 2=9.97 min 16 13 :I T T : II T I LILEL : LI : LI : LI I LI |_|.|_| _l_lh:sl IO;‘k IIIIII :

/ \_ O(px)"N 300N | = Biaser 1952 H

- : I Nozaki 1966 .

C : —=— Jacobs 1974 i

280 e —=— Ingalls 1976 B

.g C I —=— Casella 1978 ]

= N L Bida 1980 ]

c 200: o Kohl 1990 ]

/ = - | % —— IAEA eval. (fit Padé)

150 8 50— db e
J “N(px)"O 8 ol :

e R e e R i i & N S B 00 L o G ) 55 SIS SRR SR

O C | i J

160( )150 . 1' ]

p.X SOk e L :

t,=122's A . . : . . : 3
k 0 C i HETS = t.;‘: I | L | L1 I L1 I L1 | L | L I L1 | L]
0 2 4 6 8 10 12 14 16 18 20 22

\ Proton energy (MeV) j

Centro Nacional de Aceleradores Nacwna|deAce|erqdores Santiago de Compostela, May 10t 2023

g‘ 4= Carlos GUERRERO “Research on PET range verification at U. Sevilla & CNA” @



http://www.google.ch/url?sa=i&source=images&cd=&cad=rja&docid=e8yrRIirUsEL4M&tbnid=FBwJ_plUBxmCrM:&ved=0CAgQjRwwAA&url=https://www.estiem.org/default.aspx?PageId%3D771&ei=35AkUp3wAZGf7Abk34HgCg&psig=AFQjCNHF6gdxSkhJhB_vHcQsVhEVtEVmnQ&ust=1378214495156181

g Long-lived B3* emitters
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" Short-lived B* emitters
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MC simulations for PET range verification:

- Impact of improved cross section database
_ Identification of the dominant contributors
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4 MC simulations with Geant4
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B+ emitter profiles: data vs. eva

uations
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( MC => production => activity

N

1. Computational optimization of the G4 simulation

2. B+ emitter profiles: data vs. evaluations
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g Activity depth profiles as function of time
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g Activity depth profiles as function of time
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PET range verification experiments
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" IFIC’s iTED for PET range verification (see pomingo's A

/Feasibility studies at CNA (18 MeV)
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g Outlook

1. Cross sections
Production cross sections by C and He beams: Experiments performed at HIT (analysis ongoing)

.
.
.
.o
.
.

Publication into the EXFOR database (process ongoing)
Participation in the forthcoming IAEA evaluations (invited to IAEA TM in August 2023)

\.

&

2. Simulations
[+ profiles not just for heterogeneous phantoms but for realistic patient’s geometry, including

CT geometries and clinical treatments plans (SOBP) (with TOPAS?)
Inclusion of the finite B range, study the subsequent blurring of the PET images
J

.
.
.
.
.
.
~
.
.

.

3. Others
Continue collaboration with CSIC-IFIC to fully analyze and further exploit the use of iTED for

PET range verification
Teresa Rodriguez’s postdoc at Harvard Medical School: start collaboration with MGH on
J

“acoustics” methods for range verification

-

More details in:
XS for long-lived below 18 MeV => T. Rodriguez-Gonzalez et al. RPC 190 (2022)
XS for long lived up to 200 MeV =>T. Rodriguez-Gonzalez et al. NDS 187 (2023)
XS for short-lived => Coming soon
Impact of XS and MC simulations => Coming soon
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