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Kas vyksta CERNe?
(Daleliy fizika)

Aurelijus Rinkevicius (Vilniaus universitetas) Particle Therapy Masterclass 2023

Terapija
000000000000
2023-02-08 3/41



Daleliy fizika Medicinai Diagnostika Terapija
0@000000 00000 0000000000000 0 000000000000

CERN greitintuvy kompleksas
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<7.7 T @ 1.9 K, ~2800 pluostai x 10'! protonai x 6.5 TeV

Visko reikia tam, kad jvykty ...
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Energingi susidurimai (uzfiksuotas ,kadras”

CMS Experiment at the LHC, CERN
Data recorded: 2012-May-27 23:35:47.2'
Run/Event: 195099 / 137440354
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CMS su iSpjova
CMS DETECTOR

Total weight  : 14,000 tonnes
Overall diameter :15.0m
Overall length ~ :28.7m
Magneticfield  :3.8T

STEEL RETURN YOKE
12,500 tonnes

SILICON TRACKERS

Pixel (100x150 ym) ~16m* ~66M channels
Microstrips (80x180 ym) ~200m” ~9.6M channels

SUPERCONDUCTING SOLENOID
Niobium titanium coil carrying ~18,000A

MUON CHAMBERS
Barrel: 250 Drift Tube, 480 Resistive Plate Chambers
Endcaps: 468 Cathode Strip, 432 Resistive Plate Chambers

PRESHOWER
Silicon strips ~16m” ~137,000 channels

FORWARD CALORIMETER
Steel + Quartz fibres ~2,000 Channels

CRYSTAL
ELECTROMAGNETIC

CALORIMETER (ECAL)
~76,000 scintillating PBWO, crystals

HADRON CALORIMETER (HCAL)

Brass + Plastic scintillator ~7,000 channels
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etektorius: Kompaktinis miuony solenoidas (CMS)

40 MHz
X

~30 p-p
susidurimy

X

p—p = ~200
skeveldry

~100 Tb/s

Stabil | o

dalels | RaiSka
~ | 1.5-5% @ 60 GeV
e | 24% @ 10 Gev
| 1-1.5% @ 10 Gev
i| o(t0)%
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Gamtos sandara Siuolaikinéje fizikoje

Standartinis modelis

mass | 2.4 MeV/c =1.275 GeV/c? =172.44 GeV/c? 0 =125.09 GeV/c?
charge | 2/3 2/3 2/3 0
wle @ |- @ |l @ || ‘ H
up charm top gluon Higgs
\ \ \ . —
4.8 MeV/c? 295 MeV/c? =4.18 GeV/c? 0
-1/3 173 13 0
12 g 12 3 12 b 1
down strange bottom photon
\ \ \ \
=0.511 MeV/c* =105.67 MeV/c* =1.7768 GeV/c* 291.19 GeV/c* _|_
-1 -1 -1 0 m
112 % 12 y 112 y 1 =>
electron J muon J tau J Zboson 8
\
n @]
= <22eV/c? <17 Mev/c? <15.5 MeV/c* =80.39 GeV/c* m
ol v 0 v 0 1 w
- | ' 12 v 112 y 1 O
& electron muon tau W boson 3
] neutrino neutrino neutrino L I'C)

Medziaga + medziaga + saveikos = 16 + 1
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e Gravitonai?
e Tamsios dal.?
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Trumpai apie greitintuvy

principus
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Paprastas (tiesinis) greitintuvas

=0 EOH ) )

S: daleliy saltinis (protonu)

G: kintamos srovés generatorius
G < : krvi turinti dalelé
Elektrinis laukas dél sukaupto (bet ) kravio greitina

kravj turinCias daleles.
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Naviguojame kruvj turinCias daleles

Magnetinis
laukas

Kruvi turincio objekto
greitis

Lorenco
jéga

— e — —
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Daleliy fizika (ir technologijos) medicinai
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Medicina fiziko akimis

Galimi (darbo) rezimai:
1. Stebéjimas (poveikis minimalus)

2. Poveikis (bet koks didesnis veikimas)
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Medicina fiziko akimis

Galimi (darbo) rezimai:
1. Stebéjimas (poveikis minimalus)
® Diagnostika
2. Poveikis (bet koks didesnis veikimas)
® Terapija (Intervencija)
o Chirurginé
Cheminé / medikamentiné / geny
Spinduliné

O O O
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Medicina fiziko akimis

Galimi (darbo) rezimai:

1. Stebéjimas (poveikis minimalus)
® Diagnostika
2. Poveikis (bet koks didesnis veikimas)
® Terapija (Intervencija)
o Chirurginé
o Cheminé / medikamentiné / geny
o Spinduliné
0] .
Gydymas =

e Nieko nedarymas” (sava eiga, ,naturaliai”)
e Aktyvus darant poveikj (zr. virSuje)
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Medicina fiziko akimis: diagnostika
Detektoriai: dominuoja elektromagnetiniai (fotonus sugeriantys)
= Daug vietos progresui (pvz. miuonai, kt. dalelés)

Diagnostikos metodai/sistemos:
e Fotoniné klasika:
o Regimieji fotonai (,$viesa”)
o Elektromagnetiniai reiskiniai (pvz. garsas)
o Didelés energijos fotonai (rentgenas/gama):

- Nuotraukos (rentgenogramos)
- Skenavimas (i$skai¢iuota® tomografija, angl. CT)
o Mazos energijos fotonai:
- Magnetinis (branduolio) rezonansas
¢ Hibridiniai’/kombinuoti metodai:

o Antrinis didelés energ. fotony skenavimas (angl. PET) v
o Naujos kombinacijos...

Tobuléja rekonstrukcija

@ kompiutering”
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Medicina fiziko akimis: terapija 1/2

y
Terapijos principai:
e |Simamas”/,jdedamas” darinys
(reikia ,prieiti”, lengva ,nusitaikyti”)
o Chirurgija (,mechanika”)

¢ Chemi8kai paveikiama biosistema
(lengva ,prieiti”, sunku ,nusitaikyti”)

e Spinduliné terapija bendrai — dalelémis
(lengva ,prieiti”, lengva ,nusitaikyti”)
o Niekaip nepailstantis fotonas... (klasikiné radioterapija)
o Hadrony terapija (NEBE fotonas)
o Ateityje — daugiau daleliy
= Taikinys apgadinamas, organizmas pribaigia

/Tobuléja rekonstrukcija
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Medicina fiziko akimis: terapija 2/2

Ateityje: —

v 7]

e YPAC hibridiniai’/lkombinuoti metodai g

o Jvairiomis dalelémis j ,taikinj” 2

=

¢ Daug spinduliy 0

o Fotony atveju jau yra gama peilis .%

=

. . L S,

¢ Diagnostika+terapija vienu metu 0
o Labai svarbis detektoriai realiu laiku! al

o Stebéti neapsiribojant fotonais

CERNe kuriami daleliy spinduliai ir detektoriai
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Diagnostika fotonais
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Rentgeno spinduliai 1/3
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X-ray imaging

10m 10em 1mm 0.3mm 780nm  380nm 0.000001 nm

MDECC

L4 ¥

Wilhelm Rontgen

8/11/1895 22/12/1895 1901
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Rentgeno spinduliai 2/3

Detector
X-ray
source
Object Pattern
Recognition
System

DA
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Rentgeno spinduliai 3/3

Detector

X-ray
source
Object Pattern
Recognition
System

DA
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ISskaiCiuota tomografija 1/2

CT — Computed Tomography

3d X-rays imaging

M.,m\ud
Table

Detectors »

DA
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ISskaiCiuota tomografija 2/2

CT — Computed Tomography

X-ray
/ Source

8eam

Motorized
Table

Detectors 5
“3D-imaging”
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Magnetinio rezonanso vaizdavimas

Caution

Strong magnetic field
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Medipix

High Energy Physics
original development:
Particle track detectors
Allows counting of single
photons in contrast to
traditional charge integrating
devices like film or CCD
Main properties:
Fully digital device
Very high space resolution
Very fast photon counting

Good conversion efficiency
of low energy X-rays

Credits: Simon Procz, University of Freiburg
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Spalvotas rentgenas

MARS Bioimaging
» First 3D colour X-ray images of a human, 2018
* Measure 4 wavelengths simultaneously using Medipix 3

A 3D image of a wrist with a watch showing part of the finger bones in white and soft tissue in red. couples the spectroscopic
information generated by the Medipix3 with powerful algorithms to generate 3D images (Image: MARS Bioimaging Ltd)
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Hibridiné/kompleksiné diagnostika
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Positron Emission Tomography

Annihilation Image Reconstruction

+ 18FDG carries the '8F to areas of high metabolic activity
* 90% of PET scans are in clinical oncology

1974 the first human positron emission tomography
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Alan Jeavons and David Townsend

built and used in Geneva Hospital

a PET system based on
high-density avalanche gas
chambers
HIDACs
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Paul Lecoq,
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Ateities diagnostika

panaudojant daleles
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Naturally occurring particles called muons can reveal the innards of
structures such as pyramids and containers of nuclear waste.
Transmission muography

Stone and other dense materials absorb more energy from muons than do
hollow features, such as a chamber inside a pyramid.

Pyramid

Muons formed in
Earth's atmosphere

..6

Detector

Deviation muography
Muons that collide with dense elements such as uranium are eflected from
their original paths.

Nuclear-waste /,/
drum D "

enature

(Vilniaus universitetas)
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Miuografija

Kosminiai miuonai ~10 Hz/m?
Palaikius detektoriy sugaunas

Sedélis
Stumdant detektoriy =
iSskaiciavimas (CT)

https://www.nature.com/articles/d41586-018-05254-2
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Terapija fotonais
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Single beam of photons

f> Geneva University Hospital
hitp://www.casimage.com
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2 opposite photon beams

D Geneva Unlversity Hospital
htip://www.casimage.com
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KryZzminant gama fotony spindulius

Daugiau spinduliy = mazesné pazeida

* Naudojama keliasdeSimt spinduliy

Pirmasis prietaisas 1967 m. Svedijoje

Daug mety ribojo skaic¢iavimai

https:/en.wikipedia.org/wiki/Radiosurgery#Gamma_Knife

=] = E = vace
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Terapija sunkiomios dalelémis
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Brego virSuné (Bragg peak)

Terapija
00000e000000

100

PHOTON beam
6MV

50

modified PROTON beam
250MeV

native PROTON beam \

250MeV \
o

0 10 20 30
Depth in Tissue (cm)

Dose (%)

e Skirtingos masés dalelés sustoja skirtingame gylyje
e Papildomai koreguojama energija

https:/en.wikipedia.org/wiki/Bragg_peak
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1932 - E. Lawrence 1946 — proton therapy 1954 — Berkeley treats
First cyclotron proposed by R. Wilson the first patient

2

Ormas W

PeRcENTiZE DEPTH DOSE

| IR
o
[ [ 17
‘.__v——l—-,——‘“——f‘,’f’\l" |
|
W

Knowledge
Transfer
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Hadrony terapijos esminés datos

1990 Pirmasis ,protony” pacientas Loma Lindoje.

1993 MGH, Bostone, uzsako pirmajj komercinj protony terapijos
centra.

1993 GSI pradeda anglies jony pilotinj projekta.
1994 HIMAC, NIRS, Chiba pirmieji ,anglies jony” pacientai.
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1994 — HIMAC/NIRS
USA (proton) Japan (carbon)

1997 - GSI

Germany (carbon)

First dedicated clinical
facility
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GREATEST
HITS

Radiation can kil
cancer cells by
damaging their DNA.

Xerays can hit or miss.

Protons are slightly
more lethal to cancer
cells than X-rays.
Carbon ions are
around 2-3 times as
damaging as X-rays.

Medicinai Diagnostika Terapija

00000 0000000000000 0 000000000800

Carbon ions

Xeray Proton beam Carbon-ion beam

Marx, Nature, 2014
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PAUL SCHERRER INSTITUT

Cyclotrons for proton therapy

IBA (1996) , SHI
250 Tons
Isochronous
Cyclotron

Varian (2005)
90 Tons IBA (2018) :
Isochronous 60 Tons ' I
Cyclotron Synchrocyclotron E

MEVION (2013)
15 Tons
Synchrocyclotron

Developments in Accelerators and Gantries for Particle Therapy Marco Schippers ENLIGHT2019 22
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Hadrony terapija gyva ir auganti

Su CERN susijusios iniciatyvos ir kolaboracijos
e 1996 Proton lon Medical Machine Study (PIMMS) grupé
¢ |[SOLDE/MEDICIS CERNe: nauji izotopai/radioizotopai

e Hadrony terapijos platformos/centrai:

* MedAustron, veikiantis austry centras

® ENLIGHT, Europos daleliy terapijos centrai

e SESAME, vidurio rytai

e SEEIIST, Balkanai, su Next lon Medical Machine Study
(NIMMS) platforma

e 2022 CERN Baltijos grupés kontekste inicijuojama daleliy
terapijos grupé.

https://cerncourier.com/a/cern-takes-next-step-for-hadron-therapy/
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