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Who I am ? -

NA3 @ CERN (Di-Muon Drell Yan) : 1974-1980
- Large MWPC (4x4 m2)
- Trigger & DAQ

LEP - OPAL @ CERN (1980-1990) Experimental Physicist
- TOF system -CEA Saclay (1969-2008)
- Trigger & DAQ > First Z° -IN2P3-IPN Lyon (2009 ..)
SSC- SDC @ Dallas/LBL Berkeley (1990-1994)
- Triggert2 " e
- Shower Max Detector electronics (APD & SCA) CQa

LHC- ATLAS @ CERN (1994-2000)

- L2 trigger & LARG calorimeter Read Out electronics (SCA)
DO @ FNAL (1996-2005)

- L1 Calormeter trigger and L2 trigger.
ILC study group (1996-2008)

- Trigger & DAQ convener > Software trigger NPSS Life member
2000-> Technology transfer advisor for medical application (PET & Particle therapy)
Ultra fast (picosecond) timing

Novetiber 2022 Dakar school 2



' Goals of these lectures

»4nnnnll A very simple basic intfroduction of
Medical Physics seen from a HEP
experimental physicist.

1 T will present mainly the radiation
instrumentation aspect around the nuclear
medicine.

1 Make the link and relationship with my, .. ...
field of interest (HEP) and might interests = =
your future ol LY.

November 2022 Dakar school



Goals of this presentation (2)

Using my own experience during the
last 50 years of working on Radiation
detectors and experiments > try to

give an introductory flavor of some

detector families and their recent

evolution and application in vario
fields *

November 2020
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8 What is medical Physics ?
- A little bit of history
- Radiation effects units
- Basics of Radiology
- Fighting again cancer
1 Introduction tfo Nuclear medicine
1 tracers
- Short survey of imaging technologies (if time?)
1 Single Photon Computed Tomography (SPECT)
1 Other modalities

November 2022 Dakar school 5



" Few words about
T Radiation Detectors

RADIATION
DETECTION

AND

RGdiniOn MEASUREMENT
Instrumentation
THE Book

Glenn Knoll

Jakarta workshop 2020




W ‘ Some history

— \v

e development of

QWt:on instrumentation has
been crucial for fundamental

~sc:erntd"lc discoveries

and for the improvement of

human life. .

W Jakarta workshop 2020
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1895 How physics
 W.C. Rontgen discoveries have

Discovery of X Ray . \
impacted our life (1)

1896 - Discovery of natural radioactivity by H. Becquerel
1897 - J.J. Thomson - electron
1899 - E. Rutherford : Alpha & Beta
00 - U. Vllars the Gamma

First image of & RADIOACTIVITY \ 1898 y
otassium uranyl disulfide e ierre an
P Y i /1898 Polonium ) Marie Curie
Radium The
1903 Nobel Prize Radioactivity

Polonium, Radium

together with Pierre

1911 Nobel Prize

\ allone /
| " id 1923 - The Tracer
1 91d X Ray principle

Radloqraphy *6.V.Hevesy- the father

\
Of G.V.HEVESY

November 2020 Jakarta Workshoghé@%ar. medicine §\




our life (2)

1934 - Artificial radioactivity

Iréne and Fréderic Jolio Curie

in combination with the cyclotron open
the door to the production of useful
radio indicators.

1938-1942 Fission of Uranium

n]i?nest O. Lawrence and his
First cyclotron 1932

From discovery to first
graphite miler in Chicago
To the Production of long
lived

radio-isotopes and nuclear
energyproduction

= O.Hahn
® E. Fermi

Otto Hahn, 1944 Nobel Prize

1946 - R.R.Wilson The origin
of particle therapy

Using the Bragg peak
discovery (1903)

April 2019 Tomsk-Part #1




DN

: |es and Physics
discoveries

. history
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1906
1910
1928
1929
1930
1934
1947
1952
1962

1968

History and evolution of radiation

detectors tools of discovery

Geiger counter H.Geiger E.Rutherford

Cloud Chamber C.T.R. Wilson

Geiger Muler counter W. Muller,H.Geiger

Coincidence method W. Bethe

Nuclear Emulsion M.Blau

Photomultiplier RCA Corporation

Scintillator Kallmann

Bubble chamber D.Glaser

Spark chamber Schwartz,Steinberger,
Lederman

MWPC G.Charpak

In Blue = Nobel price

November 2020 Jakarta workshop 2020
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Detector families overview

Associated systems

Detector Technologies and techniques

& components
P 1 Tracking

a Scintillators 1 Calorimeters
2 Photodetectors 1 Cherenkov

% Gazeous detector 1 Time of Flight

! Slllcon/polxel 1 Front End /Read Out

1 Electronics 1 Event selection /Trigger
Micron 1 Data Acquisition
KeV to TeV :
Picosecond 1 Computing

Billion of Pixels 2 Simulation

November 2020 Jakarta workshop 2020 12
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G

N v
\v
@'s of radiation
on human body

o

hat is a Curie, Bequerel,

Seivert?
From Prof. Aurengo - Hopital de la Salpetriere - Paris

-IM!!I Dakar school 13



The Units - a bit of definition!

1 Activity = Number of decays per second
- Becquerel Bq: 1 decay / second
- Curie Ci: 37 x 10° Bq (37 GBq)

1 Dose : specificity of radiation effects

1 ionisation,modification of biogical activity

- absorbed energy / mass unit
- Gray Gy :1 joule / kilogram

1 Effective dose : indication of global risc
= absorbed dose x WR* x WT**

- Sievert Sv
1 WR*= 1 pour RX, beta and gamma, p=5, a=20
1 WT** = 0.05 for thyroid, 0.01 for skin

Novetiber 2022 Dakar school 14



. Effective dose values

1 10.000 mSv : high irradiation / rapid death

211000 mSv : moderate irradiation / clinical
visible signs (burn... )

8 5 mSv : annual irradiation in Clermont-
Ferrand (volcanic soil)

2 2 5mSv : annual irradiation in Paris
1 1 mSv :legal limit irradiation in France

1 1 mSv :average annual medical irradiation in
France

Novetiber 2022 Dakar school 15



. A simple exemple

a 'standard’ Scintigraphy exam

We W;: %
RX : 100 mGy / 50 cm? skin 1 001 30%
31T : 10 mGy / thyroide 1 0,05 100 %

Effect dose = (100 x1x0,01 x0,30)+(10x1x0,05x1)
= 0,8 mSv
1 Sv= Unit well adapted to radioprotection
8 However : why this official' limit of 1 mSV/ year is so low ?

- No sanitary argument : industrial irradiation :10 -15 ySv
- Interpretation of the 'low' absolute value might be controversiall

1 Do not take into account debit and age ..an personal
Nové berzoﬁenSiTiViTy Dakar school 16



Variation of natural radioactivity

1 Cosmic rays

Novetiber 2022

sea level
La Paz (3900 m)

average

0,25 mSv/ year
Mexico (2240 m) 0,80 mSv / year
2,00 mSv/ year
1 External exposure due to earth exposure

Espirito Santo (Bresil)

Maximum (Iran)

Marseille (France)
Limousin (France)
1 Internal exposure due to water

Evian water
St Alban water

Dakar school

0,9
33
250
0,20
1,20

0,03
1,25

mSv / year
mSv / year
mSv / year
mSv / year
mSv / year

mSv / year
mSv / year
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Natural versus medical irradiation

Nuclear &
industry

water A
Food
A / soils

Medical
exposure
41 %

Dakar school
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Radiology

Common tools & technigues

W Dakar school 20



Radiology principle

1 The most common exam

1 Transmission of X rays
through tissue

Novetiber 2022 Dakar school



. Radiology problem = contrast

3000 —

black

1 How to get
the best
contrast?

white

Novetiber 2022 Dakar school 22




. Detection techniques

1 The standard : film scren system

1 How to replace the film
- More sensitive --> better contrast

- Less dose
- Affordable ?

fllm—screen system
image intensifier

CCD detector
flat panel detector

computed radiography

Novetiber 2022 Dakar school 23




Radiology survey of electronically
readable detectors

Conversion : Direct Indirect

X-ray Scintillator @ Scintillator

Interaction X-ray
photo-

conductor M......cmmssinns (Opticel vupling
(a-Se) Phc(}:fgri;:de to CCD)

Charge readout [NEEN{gge\ TFT array
Flat Pa

November 2022 Dakar school 24



. Radiology: Flat panel direct detection

1 Xray ---> electron --> electric signal
Selenium

rcidentxrays Pixel el i a Flat Pane dtector |

High
voltage
Top electrode
Dielectric layer

8/ @ E Selenium photoconductor

A | el | ear v | e— | e— Charge collection electrode
(pixel size)

Thin-Film-Transistor

Storage capacitor
Glass substrate

Stored charge

Novetiber 2022 Dakar school 25



. Radiology :Flat panel indirect detection

1 Xray -->Light--> electron ---> electronic signal

[Pixel cell in a Flat Panel detector | e
Structured X-ray

Light phosphor (Csl)

Source

Drain
Adjacent gate line

TFT

Ch _
Photodiode =ras Storage capacitor

Novetiber 2022 Dakar school 26



State of the art :Computed Tomography (CT)

Nobel Price Physiologiy and
Medecme 1979

Physicien Nucléaire Sir Godfrey N. Hounsfield

Cape Town Elc‘:ctrical engineer
Harvard University EMI Research
Tufts University

November 2022 Dakar school 27



Contrast (Houndsfield) units

November 2022 Dakar school



From Hounfield units to image

November 2022 Dakar school




CT Scaner principle

Spatial resolution and speed
- 64 .. 320 detector rows

- Slice thickness 0.33 ... 0.6 mm

- Tube rotation time 0.3 s

1 Organ in a sec
1 Whole body < 10 sec

- dual source (180° — 90° )

- Volume coverage with one rotation: 4 ...
16 cm

1 November 2022 Dakar school 30



Computed Tomography
Basic method of Image reconstruction

1 Take 1D profiles or
2D projection at
discrete angle around
the object

1 Assume that each
measured point = sum
of actvity elements
along the Line of
Response (LOR)

Raw data can be displayed as a 'sinogram’

November 2022 Dakar school 31



Computed Tomography
Basic method of Image reconstruction

Projection Sihogram

Raw data can be displayed as a 'sinogram’
Then a lot of corrections .....

November 2022 Dakar school 32



Computed Tomography scaner (CT)

1 The best device widely used for precise exam
- Whole body
- Cardiology

1 Still a lot of radiation = 20-50 mSv

- Standard radiography = 0.1 m Sv

Novetiber 2022 Dakar school




. State o the art : 4D CT

1 Position influenced by the
breathing motion

Novetiber 2022 Dakar school



Exposure for radiological exams

1 Some examples

organ dose skin
mGy

Thorax, face 02-05
Lumbar region 4 -28
Urography 40 - 60
Brain scan /-78
Whole Body scan 30 - 60
Mammography 7 -25

Novetiber 2022 Dakar school

effective dose
mSv

0,015-0,15
15
3
1
4-10
05-1
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m Patient Radiation Dose is Limited!

1 Image Noise Is Limited by Counting Statistics

November 2022 Dakar school

36



TSN

g [ &%

] .
A

.~

-

N
'\ng the dose

HEP Gazeous
detector

The Future?




Gas Detector History

PPC
Gei C t
% Parallel Plate Counter
e N\

Proportional Counter Pestov
Counter RPC

V.Pestov 1982 s
— Resistive Plate Chambers

R.Santonico R.Cardarelli 1981

MWPC
Multiwire Proportional Chamber &

G.Charpak et al 1968 TPC

Time Projection Chamber
D.R.Nygren et al 1974

MSGC

Microstrip Gas Chambers

e A.Oed 1988
Gas Electron Multiplier
F.Sauli 1997

M

Micromegas
I.Giomataris et al 1996




Multi Wires Proportional chambers MWPC

MODERN GASEOUS DETECTORS:
CATHODE POWERFUL TOOLS FOR RADIATION DETECTION

v AND LOCALIZATION IN PARTICLE PHYSICS,
BASED ON THE MULTIWIRE PROPORTIONAL CHAMBER
(Georges Charpak, 1967)

TWO-DIMENSIONAL MWPC READOUT CATHODE
CONVERSION INDUCED CHARGE (Charpak and Sauli, 1973)

S~1mm CHARGE COLLECTION
—
e B

ANODE

WIRES AVALANCHE

MULTIPLICATION

+V

Spatial resolution determined by: Signal / Noise Ratio

Typical (i.e. ‘very good’) values: S ~ 20000 e: noise ~ 1000e

-V Space resolution < 100 gm

CRovebYr 2022 E. Gatti et al, Optimum geo®akarfeclsé@b cathodes ..., Nucl. Instr. and Meth. 163(1979)83 39




TWO-DIMENSIONAL LOCALIZATION

TWO-DIMENSIONAL LOCALIZATION FROM SIGNALS INDUCED ON
CATHODE PLANES (Charpak & Fabio Sauli, ~1973)

CATHODE STRIPS

LOW-DOSE DIGITAL RADIOGRAPHY
WITH MWPC:
CHARPAK’S HAND (2002):

November 2022 Dakar school



The 1970's dream : Digital radiography with MWPC
A fribute to George Charpak
1 With 10 time less dose =

Cathode planes
can also consist
of wires

NeVarnoar 2022 Dakar school



X Ray imaging

, GEM for 2D Imaging:
Wire Chamber Radiography: Using the lower GEM signal, the readout can be

self-triggered with energy discrimination:

-COORDINATE

9 keV absorption radiography of a ;

small mammal ;

/
(image size ~ 60 x 30 mm?) /

Position resolution ~ 250 um

A. Bressan et al, Nucl. Instr. and Meth. A 425(1999)254
F. Sauli, Nucl. Instr. and Meth.A 461(2001)47
G. Charpak, Eur. Phys. J. C 34, 77-83 (2004)
F. Sauli, http://www.cern.ch/6DD

Position resolution ~ 100 um
November 2022 Dakar school (limited by photoelectron range in the gas)



From MWPC's to MGPD's mizps

Micromegas

1975 - 1995 | 70-100um

UAZ2-LEP ]‘ il e
90-100m

Multiwire Proportional Chamber GEM F.Sauli)

Georges Charpak 1968 Micromegas Y. Giomataris

November 2022 Dakar school 43



MPGD
1 From 1988-1998 Micro-technologies and etching techniques

allowed development of Micro Patter Gaseous Detectors

1 MICROMEsh GAseous 1 Gas Electron Multiplier
Structure - Thin, metal-coated polymer foil
- Thin gap Parallel Plate with high density of holes, each
Chamber: micromesh hole acting as an individual
stretched over readout proportional counter.
electrode.

V777 V777

November 2022 Dakar school 44




The Future : New Si detector and signal processing
On the way to photon counting?

I\/I e d i p iX3 sensor chip (e.g. silicon)

high resistivity n-type silicon

- 8 simultaneous energies oo
- 55 pum isometric resolution KA

solder bumps

- Excellent energy
resolution

- 108 photons per second
per mm?

single pixel
read-out cell

Xray source

November 2022 Dakar school 45
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Exemple with GEM Detector

1 Thin, metal-clad polymer foil, chemically pierced
by a high density of holes (70-80 um diameter).

10n application of a difference of potential between
the two electrodes, electrons released by radiation
in the gas on one side of the structure drift into
the holes, multiply and transfer to a collection
region.

1 Cascading several foils results in high multiplication
factors.

-COOEDINATE

H-COORDINATE

F.Sauli & al. ' m,,' w” ” N

{Hil ,ﬂn"\‘m\l

|




Timepix Hybrid detector

On the way of photon counting

Medipix is a Silicon pixel-based
detector technology AND signal
processing that can be employed to
measure charged particles, photons,
and neutrons.

It is based on a read-out chip that
embeds the electronics for each pixel
within the pixel's footprint!

Detector and electronics readout are

optimized separately Pixelated 300 um
i silicon sensor

developed for use in the CERN LHC (256 x 256 pixels)
Central Trackers

Medipix 3/TimePix This technology is
an extension of designs originally

- Integrate a TDC ...

TU Prague - J. Jakubec
NSS-MIL 2013 Seoul J4-3

Abe2022 Dakar sch




Medipix-CT setup for detector

investigations & material analysis
Example > USB flash drive

TPX 110um + CdTe 2mm

8x2 tiles / mag. 1.5x
65kV / 200uA

November 2022 Dakar school

48



November 2022

Dakar school

49



Common tools

& techniques

Dakar school

Le 29/10/2001

EORTC 22981 SUPI

No Profondeur

4B OB B RN -

124
112
181
181
137
157
138
130




. Cancer in Europe - a growing challenge

1 3.4 millions of new cases in Europe per year

1 About 507 will develop cancer at some point of their life
1 Main cause of death between the age of 45-65

1 Second most common cause of death

Novetiber 2022 Dakar school 51
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Fight again cancer - Radiotherapy

Local irradiation to kill tfumour - 100 Gy = 90 % of sterilization
Frequent tfreatment (2/3 of cases).

Efficient treatment: cure > 40 to 50% of recovery

Allow good quality of life and tolerance

non invasive, itinerant and without important physical effects.
Cheap (< 10%) of the cancer budget (France)

Essentially X rays
- (Linear accelerators) & photons (curietherapy)

__—_10%N B chimiotherapy

\/ radiothérapy

™ surgery

Dakar school 52



About Cancer

1 France~>around 230 000 new cases per year

i - Cure (35-40 %)
Health budget = 130 Billions Euros
CANCER = 10 Billions Euros

= L)
! Tar’getmg 2030 > Cure > 50 % CANCER DEATHS By SITE
SITE DEATHS
3 Lung 163,700
F""S? S'l'ep 9 Colorectal E'-: 1_Iu_|
Improve diagnostics tools (imaging) B 40,200
Future > screening possibility ? Pancreatic

Female Reproductive

Lymphoma 24,700

Malignant Melanoma 9,300
Hedgkin's 1,200

US statistics

November 2022 53
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Radiatherapy X

1 No substitute for RT in the near future
1 Number of patient increasing

1 Present limitation of RT> 30 % of patients recurs
1 Why Radiotherapy X is NOT 100 % efficient?

- Complication<5 %

- Tolerance of saine tissue is the limiting factor
1 Close to Organ at Risk

Failures due to radioresistant tumors!

- Second cancer 30 years after Radio Therapy (from recent
statistics)

1 Adult: 1.1 :
e Chidren : 6 —>Particle therapy

-2 Around 25% of the case

My last lecture!

No¥Yember 2022 Dakar school o




. RT modern techniques

1 Conformal RT

1 Intensity Modulated
(IMRT)

1 Image guided (IGRT)
2 Robotic Stereotactic

Novetiber 2022 Dakar school 55



'standard’ RT devices

Intensity Modulated
(IMRT)

Conformal 3D radiotherapy

November 2022 Dakar school 56



IGRT

Image guided

November 2022

Dakar school
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Sate of the art: Robotic Stereostatic RT

1 Multiple beams
1 High Precision 1 mm
1 Dedicated & invasive (radiochirurgy)

e

(1) x ray tube X ray'tubt‘a‘J

@

#\ Acceleratﬁr g
\. .

(2) Robotic arm

Cylindric collimator(3)

Cyberknife ™ .

November 2022 Dakar school
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Curietherapy/Brachytherapy
1910 Today

% Local (contact) deposit of the |4 2%
. 4 ‘ ! \
dose by needles or implants A
[
o' & '@ b
~8 el r A
November 2022 Dakar school \ P
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First cancer cure by brachy (ulcus rodens,
basal cell carcinoma): Goldberg and
London in Moscow, 1903

Originalarbeiten.

AXIV.

{Aug der Abteilung fir allgemeine Pathologie des Kaiserlichen lostituts fir
exporimentelle Medicin und uus dem Maximilisn-Krankenhaos in St. Petersbnrg.) |

Zur Frage der Beziehungen
zwisechen Bequerelstrahlen und Hautaffectionen').

Yan
S W. GOLDBERG wnd E. S. LONDON

in 8f. Fetershirg.

Die neueren Errungenschaften der Verwendong verschiedener
Formen der strahlenden Energie in der dermatologischen Therapie, |
sowie die experimentellen Arbeiten von Giesel, P, Curie,
Bequerel, Aschkinass, Freund, Doulos u. a veranlassten
uns, die Wirkung der Bequerelstrablen bei Uleus rodens auf

die Prohe zu stellen.

November 2022 Dakar school 61



First brachy treatment, any dusease general Iy

1 [ N

credited to

Henri Alexandre Danlos,

Parisian dermatologist,

exhibiting a woman who he
successfully treated for |
lupus vulgaris of the
face. Pierre Curie loaned i
him the source and he

Note sur le traitement du lupus érythémateux par des applications
de radinm,

Par MM. Daxcos et P, Broc.

Le 2 mars 189G, M. H. Becqperel, dans une communication & 1'lis

tilul, indiquail que tous les sels d'uranium el 'uraninm métallique  [EEE—— |
amellenl, sans cause l‘,‘il".ilﬂl.):‘i-tjl:‘_! el d'une maniére incessanle, tn 0 i

ravounement |Iu Iravers ]f,r:;R CcOrps opaques pour la lumiére &=t

impressionne les plac ques p hdlographiques. L'étude de ces THYONS,

dlils aussi rayons uraniques 3 du rayons de Becquerel, a été 'origing

November 2022 Dakar school 62



BRT (typically 10-20% of patients)

1) Radiation sources placed in the tumor, ergo less toxicity
2) Dose homogeneity in the target not an issue

3) Conformal treatment without complicated technological
tools

4) Generally invasive (except intracavitary)

5) In BRT timing is critical

6) Overall risk of a second cancer is claimed to be lower for
brachy

A. The actual dose delivered can be precisely known (a
double-edged sword...)

B. Full QC (operator-independent treatment)

C. Ideal for focal therapy (radiobiology not needed)

November 2022 Dakar school 63
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. What is Nuclear medicine ? Definition

1 Use in vivo of radioactive elements (tracers)
injected to the patient orally or by blood
injection to image the function of the body

1 Functional and metabolic (scintigraphy)
1 In vivo biochemistry

1 Study of a radioactive molecule in a living
organism
- Images are Static 2D/3D (x.,y,z)
- Or 4D (+time) --> dynamic
- Or 5D (+ Energy) --> Multisotopes /multitracers

Novetiber 2022 Dakar school
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Isotopes in medicine

DIAGNOSIS
140 EHMD_BEI‘NTC

3
H 2D1T|
125
I 123|
others M|

E?Ga
31Rb_ﬂ1mKr
others

November 2022

THERAPY

internal external

systemic sources tele radio

131] 90Y sealed sources
153Sm,186Re 192|r,182Ta, 137Cs 60Co

188\)\/.188Re
166H 0,177,

many others
needles for gamma

brachytherapy: knife
others 103Pg 125
' 13iCs

o-emitters: mta”?é’the"s -
225 2138 [ Stands cell

32 . .
211At 223R3 P and others irradi-
: seeds ation

149Tb 0Sr or Y, others

applicators

e-emitters: § ! Cs. others

123]

Dakar school




Common Tracers

Application Requirement TIsotope
DIAGNOSIS single photons 99mTc
- I"t I ,
L Ll . o pa © es_ 123]  111|n
SPECT biogenic behavior ’ )
T,, = moderate 20171,
DIAGNOSIS | R"-decay mode 11C,
in vivo biogenic elements 13N 150
PET V33 ='short 18F

November 2022
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2 ways to produce radioisotopes

1 Cyclotron 1 Material Test Reactors
Acceler'cﬂ'o rs Producing radioisotope needed for diagnosis

] R and therapy in the medical industry. By way of
Production of short living isofopes  fission or neutron activation / capture

= '.';'i.‘— N "1'

am m S
-- e d
R M, o
! L
.
pi N : |
g P |
Bl ] o 1% £ 300 et 4
L ¥ g 1 »
) = X

| R:TH CaAda.r;ach“'r'ahe 025)
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Anger Camera

First commercial Anger
camera was delivered by
Nuclear Chicago to W.
Myers, Ohio State 1962

First camera had

/ PMTs

Anger camera

invented in 1957

November 2022



The first gamma camera (Hanger,1956)

iy GAMMA CAMERA Egdf%

%l N _H.O.ANGER

| oo :
N 5k b A
b '.,.,".ﬁ“"a'.r‘ e
SN gy o 4\
".’:" i

LAY — vt -
I o S S |
W :
" :
" e
ol q
l‘ e e "
= 4 -
T .- .
) [ e e ety t N RS N R
- y
W

Planar scintigram - %ae
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. SPECT Gamma camera components

1 Collimator
- Ability to localize the photon sourse in the patient
CRrE))
1 Detection system

- Ability of the large NalI scintillator and
photomultiplier to localize the photon interaction in
the crystal

1 Problem :

- only few useful photons
- 1:100 000
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Clinical Images mid-1960" s
Image quality comparable

to rectilinear scanner In 1960’ s the primary application
Limitations include: was not clear: Tc-99m generators
Small field-of-view developed mid 60’ s, first kits

Poor spatial resolution available in 1970

1965 November 2022 1968 Dakar school 3



Today Single Photon Emission Computed
Tomograr 'SPECT

1 Two ways
- Tc ?° tracer and a gamma camera

- Positron emitting tracers with positron
camera

Novelfiber 2022 Dakar school 74




1984 PmTe DMPE

Hearth

November 2022

SPETCT images

Multiview skeleton with Tc??

Dakar school
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The various types (modalities) of imaging
Organ Function Cell

Anatomy Physiology Metabolism Molecular

| PRLSEELL B
NMRMR

L, | Xray (CT)

Ultrasounds

Optical I

1 Complementary |
1 Depends on what you want to see

MRI/MMR* = Magnetic resonnance

27-mars-15 TOMSK-#2



Medical Imaging Modalities

Emission tomography
2 P, Single Photon Emission Computerized  R®

Tomography (SPECT)
Positron Emission Tomography (PET)

Ultrasonic imaginguaa

13-nov.-22




f when PET started at CERN

Historical Evolution of PET

ET Philips

First Steps 1977
Townsend & Jeavons

I

B . "

lIill |

First mouse imaging with 18F

27-mars-15 TOMSK-#2 Biograph PET + X ray-CT 79



From Today ---> Tomorrow Challenge

PET-MRI

November 2020 Jakarta workshop 2020




Or'send me an email

patrickledu@me.com
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Scientific sessions | Industrial exhibition | Special focus workshops | Short courses

2019 IEEE Nuclear Science Symposium

and Medical Imaging Conference

26th International Symposium on Room- Temperature

X-Ray and Gamma- ray Detectors

Aforum for physicists,éngineers, mathem

working onRadiationDetectors, Related Technologies and their applicagions

o -
Astrophysics: Synchrotron Radiation
Nuclear and High Energy Physics
Homeland Security
Energy: Environmental Sciences
Medical Imaging Systems
Image Reconstruction jalysis.
Rad,lallon Ther

Manchester Central Convention Centre
26 October - 2 November, 2019
Manchester, UK

S
&computer scientists N
\>

_—
General Chalr: Paul Marsden
Deputy General Chair: Patrick Le Di

NSS: Cinzia Da Viaand Yoshinobu Urino

MIC D\mmaDa’ambara 1dSu\em WSLIH

'K Paul Sellin and rﬁﬁvael Fiederle
™

WWW.Nnss-mic.org/2019 | nssmic2019@ieee.org
Abstract Submission Deadline 8 May 2019

conferences

Particularly
for students

http://www.nss-mic.org

ren: %ﬁ%
(
Transaction on Nuclear Sciences (TNS)

Jakarta workshop 2020




\
Nex’r lecture
_| \ Tomorrow

or ,rsur'vey of
“““modern imaging

.~
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Instrumentation schools References

1 IRSTS 14 Osaka

http://rt2014.rcnp.osaka-u.ac. jp/rt2014-school/index.himl
1 IRTS 16 HoChiMinh City
http://ntlab.hcmus.edu.vn/en/rt2016-school/ llié?

1 Le Cap South Africa.18
https://indico.cern.ch/event/661919/overview

1 ICISE July 19 Thank V% :
https://indico.in2p3.fr/event/19513/ for your attention

1 TRSTS Kuala Lumpur (Malaysia) Nov 2019
https://indico.cern.ch/event/854879/surveys/1178

1 TEEE NPSS Workshop on Radiation Instrumentation - Dec 2021

Dakar Senegal

https://indico.cern.ch/event/954194/
1 TEEE NPSS Workshop on Radiation Instrumentation - Nov 2020
Jakarta Indonesia

https://indico.cern.ch/event/954199/

24 Oct 2020 P. Le DG - TNC oct 30th 84



http://rt2014.rcnp.osaka-u.ac.jp/rt2014-school/index.html
http://ntlab.hcmus.edu.vn/en/rt2016-school/
https://indico.cern.ch/event/661919/overview
https://indico.in2p3.fr/event/19513/
https://indico.cern.ch/event/854879/surveys/1178
https://indico.cern.ch/event/954194/
https://indico.cern.ch/event/954199/

Lecture-Review references

CERN SiPM Workshop 2011, State of the art in SiPM’s, Y.
Musienko

RICH 2013, Status and Perspectives of Solid State Photo-
Detectors, G. Collazuol

New Developments in Photodetection 2014, Tutorial SiPMs, V.
Puill

https://www.hamamatsu.com/resources/pdf/etd/PMT_handboo
k_ v3aE.pdf

PHOTOMULTIPLIER TUBES. Principles & applications. S-O
Flyckt* and Carole Marmonier** Photonis, Brive, France

Large Area Picosecond Photo-Detectors Project
http://psec.uchicago.edu/Papers

November 2020 Jakarta workshop_ 2020 85
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18 Nov, 1895 W.C. Rontgen discovers Xrays

W.C Réntgens experiment
i Wiirzburg

Radiograph of
Mrs.Rontgens hand,

the first x-ray image

ever taken,

22.Dec.1895, published in
The New York Times
X-ray tube January 16, 1896

An early XXt century

November 2022 Dakar school 87



1996 - Discovery of the natural
radioactivity by Henri Becquerel

November 2022

i -6 . , . 5

F‘}V ANy

Epfo' oo Moy & t'/ ¢
1'0-41..;(\’(’ /.: |

1 First image of

potassium uranyl
disulfide
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1898 the Radioactivity
' d'l RADIOACTIVITY

/1898 Polonium \

Radium
( ' ‘m .—‘" "‘

' : i ' , ov o‘
NSO '
‘ v \ ] 1

il
TWILL LEI Gaugil

1903 Nobel Prize
together with Pierre

1911 Nobel Prize

K allone /

/1397 Becquerels friend, Pierre Curie, also Prof. of physics in Paris suggested to his young bride}
Marie, that she study the phenomena discovered by H.Becquerel for her thesis. She found
soon that some components of Uranium minerals were much more radioactive than

Uranium itself. “We shall call the mysterious rays ‘radioactivity?,” she told to her husband

Pierre, and the substances that produce the rays “radioelements”.

1898 Pierre started to join Marie in the study of the mysterious rays. In July that year they reported
the discovery of Polonium (*1°Po) and in December they announced the discovery of the

26
\Novembe]rgé%‘zjzl um (2 Rﬂ) /




1923 - The Tracer principle

2 N
G.V.Hevesy:

The Absorption and Translocation of
Lead (ThB) by Plants [ThB = 212Pb]

Biochem.J. 17, 439 (1923)
\_ o,

ﬁeasurements of the tracer’s \
Radioactivity provided thousand fold
increases in sensitivity and accuracy over
existing chemical assays. The foundation
and basic rationale of much of Hevesy
visualized that a radioactive atom might
be used as a “representative” tracer of
stable atoms of the same element
whenever and wheljpver it accompanied
them in biological systems.

w43 Nobel Prize Chemistly

November 2022 Dakar school

G.V.HEVESY
the father of Nuclear Medicine
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1932 - The Invention of the cyclotron

- v i o
Emest O. Lawrence and his
First cyclotron 1932

November 2022

E.O.Lawrence and M.S. Livingston
“The production of high speed Light
1ons without the use of high voltages”,
A milestone in the production of
usable quantities of radionuclides.

cyclotron at &8 ;

Berkeley 1933,

the first cyclotron;j ok
that produced =~
radioisotopes

Dakar school 91



1934 - Artificial radioactivity
Irene & Frederic Joliot-Curie

1934 Nature, February 10 .
1935 Nobel Prize

“Our latest experiments have shown a very
striking fact: when aluminum foil 1s

uradiated on a polonium preparation, the
emission of positrons does not cease
immideatly when the active preparation

1s removed. The foil remains radioactive

and the emission of radiation decays
exponentially as for an ordinary radioelement.
We observed the same phenomena with boron
and magnesium.”

27A1 (o,n) 3P and 1B (ot,m) 1SN

November 2022 Dakar school
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1 The discovery of artificial radioactivity in combination with
the cyclotron open the door to the production of useful radio
indicators. Practically any element could be bombarded in the
cyclotron to generate radioactive isotopes.

1935

1937

1938

1939

1940

1940

1945

Nature 136, 754 O.Chievitz and G.V.Hevesy

Radioactive indicators in the study of phosphorus metabolism in rats (32P)
Radiology 28, 178 J.G.Hamilton, R.S.Stone:

The administration of radio-sodium (**Na)

Proc.Soc.Exp.Biol. Med. 38, 510 S.Hertz, A.Roberts, R.D.Evans
Radioactive iodine (12%T) — Study of thyroid physiology
Proc.Soc.Exp.Biol.Med. 40, 694, J.H.Lawrence, K.G.Scott:

Metabolism of phosphorus (*2P) in normal and lymphomatous animals
Am.J.Physiol. 131, 135 J.G.Hamilton, M.H.Soley:

Studies of iodine metabolism by thyroid in situ
J.Biol.Chem. 134, 543 J.F.Volker, H.C.Hodge, H.J.Wilson

The adsorption of fluoride (1*¥F) by enamel, dentine, bone and hydroxyapatite
Am.J Physiol. 145, 253 C.A.Tobias, J].H.Lawrence, F.Roughton

The elimnination of 11-C-Carbon monoxide from the human body

November 2022 Dakar school 93



1938-1942 Fission of Uranium

2350 +n=[B36U] — “4Ba + %Kr +2n +7y + Energy

Otto Hahn, 1944 Nobel Prize

1 From discovery to first graphite miler in Chicago
1 Production of long lived radio-isotopes

November 2022 Dakar school 94



1946 - The origin of particle therapy

Radiological Tzse of Fast Protons
BSBERT B, WILSOH
Heqoaech Labacaloey of Fhyaics, Hucenrd Uabyeesity
Cembrldge, Hamachosstts

E}.‘_EET-'T rar  clectrons
which Tove een
onermics ko machi

Van de Geaafll gene
diregtlr ol therapelics
Llie nenin T I
racliomelivilics paoaciuoe
biomg ol Lhe promary poa

L _ T ble te
afplicel e medienk pmlﬂr-::. "1{_ iy 7otk loealized
larme part, been duc to t L o = . with but lictle
peoetmtion in tissue of proton 3 * to produce well
and alpha particles from pres. %« ; owe beatns of fast pmtnn"
atars.  Highor-oneroy machd . ' rhv range of the beam is

Lm.j-":r ganstruction, howevor, el precision

L

from them will in gd.*n:.ml 1[DUEE| Distribution [.‘-l.ll'l.r-B]
sacugh to have o tange in

p.mhle to hady dimensions. I1
ceeutied Lo many peaple 11.:1_ 100
Tves now become of

R.R. Wilson, Radiology 47(1946), 487-49] Sl -0

3 to acquaint medical an &0

dn

d Re

th

1 The origin of particle therapy
using the Bragg peak discovery (1903)
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