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PARTICLE & RADIATION DETECTORS

technology transfer

FROM HIGH ENERGY PHYSICS TO MEDICINE
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LHC

FROM HEP TO MEDICINE
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LHC

CERN

FROM HEP TO MEDICINE



Taken from:  web: http://cms.web.cern.ch/content/cms-collaboration
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FROM HEP TO MEDICINE
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HISTORICAL REVIEW

1895     Radiographic film

1990 micropattern

gas detectors

Ionization

chamber
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HISTORICAL REVIEW

DETECTORS IN NUCLEAR MEDICINE
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9

we have to minimize patient’s dose!

~ 5 mSv/day
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RADIATION DOSE

D = DE/Dm



HOW TO REDUCE PATIENT’S DOSE?

- First of all the physician has to justify the exam

- Minimize scattered radiation (Rayleigh and Compton dispersions)

- Use high efficiency low noise detectors

- Improve DAQ fast and low noise electronics

- Improve Image reconstruction algorithms

- Follow safe and efficient protocols during medical practices

- Improve Physician’s capability to read images (radiologist)
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DOSIMETRY: Ionization chamber, Geiger-Muller, film, TLD, OSL, SC

RADIOLOGY: Film, semiconductor, gaseous

CT: gas (Ar), scintillators, semiconductor 

GAMMAGRAPHY: Scintillators

PET: Scintillators

SPECT: Scintillators

RADIOTHERAPY: Ionization chamber, photodiodes,SC

IODOTHERAPY: Ionization chamber, SC

A
N

A
T

H
O

M
IC

F
U

N
C

T
IO

N
A

L

D
IA

G
N

O
S

T
IC

 I
M

A
G

E
S

 

DETECTORS IN MEDICAL APPLICATIONS

THERAPEUTIC

TREATMENTS

RADIO-

PROTECTION
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MEDICAL APPLICATIONS

MEDICAL IMAGING - RADIOLOGY

- Conventional XR: mammography, fluoroscopy, oral/dental,  etc.  

- CT

NUCLEAR MEDICINE

- Gammagraphy

- SPECT

- PET

RADIOTHERAPY

- Braquitherapy: Ir, Cs 

- Teletherapy: XR, e, Co (g)

- Hadrontherapy: p, C+
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COMMON DETECTORS USED IN MEDICINE

- RADIOGRAPHIC FILM

- P: Photostimulable Phosphor (Computed Radiography)

- IONIZATION CHAMBER

- G-M: GEIGER MULLER COUNTER

- TLD :Thermoluminiscent Dosimeter

- OSL: Optically Stimulated Luminiscence Dosimeter

- PD: Photodiodes

- CCD: Charge Coupled Device

- TFT : Thin Film Transistor

- SC: Semiconductor (Si, Ge, GaAr)

- FPD: Flat Pannel Detector

- Scintillators: (NaI, BGO, LuYaP, etc)

- MOSFET: Methal Oxyde Semiconductor Transistor
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COMPUTED RADIOGRAPHY

Intermediate conversion of XR to visible light

DETECTION

- Photodiodes

- PM array

- CCD camera

Photostimulable Phosphor 
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PHOTOSTIMULABLE PHOSPHOR PLATES

PHOSPHOR PLATES SCANER / DIGITIZER

RADIOGRAPHY
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DIGITAL RADIOGRAPHY - DR 

Direct detection of XR and image formation

DETECTORS

- PHOTODIODES

- SCINTILLATORS

- PHOTOTRANSISTORS 

(MOSFET, CMOS)

- CCD

- TFT
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OVERVIEW OF DIGITAL DETECTORS

Transducer

XR → light
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Conversion: RX  → Light

B - Image intensifier

A - Reading by CCD camera

CONVENTIONAL C-ARC INTENSIFIER
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X-Ray generator

Image intensifier

FLUOROSCOPY



FLAT PANEL DETECTOR

FPD fluoroscopy systems represent more modern solid-state detector arrays used as image

receptor. FPD receptors have a number of advantages over image intensifier fluoroscopy

systems including better stability, lower patient radiation doses, and wider dynamic ranges.

SCINTILLATORS (CeI) + PHOTODIODES
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A FPD system consists of a large-area plate composed of amorphous silicon. Onto

this plate a rectangular array of light-sensitive photodiodes is formed. X-rays are

absorbed by a layer of thallium-activated cesium iodide phosphor CsI(Tl) deposited

onto the photodiodes. The photodiodes detect the light emitted by the phosphor and

create an electrical charge signal that is stored on each cell.
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FLAT PANEL DETECTOR



CCD DETECTOR

CCD 

Charge

Coupled

Device
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XPAD HYBRIDE PIXEL DETECTORGRUPO DE FISICA MEDICA
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XPAD HYBRIDE PIXEL DETECTORGRUPO DE FISICA MEDICA
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sensor

Analogue 
amplification

h+

e-

Digital 
processing

Chip read-out
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THERMO-LUMINISCENT  DOSIMETERS (TLD)
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TLD crystals absorb and store the energy relased by radiation and convert it to

light when heated during reading process

TLD  DOSIMETER



OPTICALLY STIMULATED LUMINISCENCE (OSL) 
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OSL DOSIMETER

OSL crystals work in similar way to TDL, but instead of heating they are stimulated with

laser light during reading process



DETECTORS IN MEDICAL APPLICATIONS
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CONVENTIONAL  XR

FLUOROSCOPY ORAL RADIOLOGY

MAMMOGRAPHY HADRONTHERAPY

MEDICAL APPLICATIONSGRUPO DE FISICA MEDICA
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Computed Tomography



Positron Emission Tomography
Radiotherapy

Personal Dosimetry
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MEDICAL APPLICATIONS

Environmental Dosimetry

http://en.wikipedia.org/wiki/File:Clinac_2100_C_with_patient.JPG


RADIOLOGICAL PROTECTION
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TLD & OSL

SEMICONDUCTOR

PERSONAL DOSIMETRY

DETECTORS

- Film

- Semiconductor

- TLD

- OSL
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MODALITIES OF DOSIMETRY

Direct (inmediate)

Delayed (retarded)

MONITORING AND CONTROL OF EXPOSICION AT WORK



SEMICONDUCTORS

GEIGER - MULLER

ENVIRONMENTAL DOSIMETRY

DETECTORS
- Gas

- TLD

- OSL
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CLASSIFICATION OF AREAS

MONITORING AND CONTROL OF EXPOSICION IN WORKING AREAS



COMERCIAL SEMICONDUCTOR DOSIMETERS
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MEDICAL IMAGING
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CONVENTIONAL RADIOLOGY

DETECTORS

- Film

- Flat Pannel Detectors:

- Direct: a-Se, CCD, CMOS

- Indirect: a-Si + photodetector

- Phosfor Plate + photodetector

- Photostimulable phosphor
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“C –arc”: Mobile C-arm system for full 
surgical and minimally-invasive procedures

INTERVENTIONAL RADIOLOGY

FLUOROSCOPY - REAL TIME IMAGING

DETECTORS

- Image intensifier

- Flat Pannel Detectors:

- Direct: a-Se, CCD, CMOS

- Indirect: -Si + photodetector
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MAMMOGRAPHY

DETECTORS

- Film (analog)

- Phosphor Flat Pannel

- Phosphor - CCD

- Photostimulable phosphor

- Se Flat pannel
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ORAL RADIOLOGY

PERIAPICAL
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INDIRECT DETECTORS

- Photografic film

- PSP (Photostimulable storage phosphor)

DIRECT DETECTORS

- CCD (Charge Coupled Device - array)

- CMOS (Complementary Metal Oxyde – transistor array)

- TFT (Thin Film Transistor array)
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INTRAORAL RADIOLOGY



PHOTOGRAFIC FILM DIGITIZER

DETECTORS

- CCD

- TFT
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PANORAMIC AND 3D DENTAL IMAGES

DETECTORS

CCD 

TFT

CMOS
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COMPUTED  TOMOGRAPHY - CTGRUPO DE FISICA MEDICA
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DETECTORS

• Gaseous (Xe, Ar):  I y II generation

• Semiconductors and scintillators : III y IV generation 

• Multiple detector array (semiconductors & scintillators)  III y IV generations
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1974: 

80 x 80 pixels

slices of 13 mm 
spacing

2000:

1024 x 1024 pixels

spiral scanning

From: W.A. Kalender, CT, 2000, MCD Verlag
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SCINTILLATORS FOR CT 

Among the preferred scintillator compositions in the present generation of CT scanners there are ceramic 

scintillators that employ at least one of the oxides of lutetium, yttrium, and gadolinium as matrix materials 
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GAMMACAMERA = ANGER CAMERA 
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GAMMAGRAPHY



SCINTILLATORS

PHOTOMULTIPLIER TUBE
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GAMMAGRAPHY

SCINTILLATOR

http://en.wikipedia.org/wiki/File:Pmside.jpg


Autocontour whole body image
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SINGLE PHOTON EMISSION COMPUTED 

TOMOGRAPHY - SPECT
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SPECT



COLLIMATORS

Pattern of gamma events reaching the cristal Is comparable to one side 

(planar) view of activity within the patient. Only events whose paths are 

parallel to the exagonal holes pass throgouth the collimator 
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LIGHT PIPE AND PHOTOMULTIPLIER ARRAY

Preamplifier  uses ASIC

Application Specific Integrated Circuit
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SCINTILLATION CRYSTALS

From: Basic Science of Nuclear Medicine
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PIXELATED SCITILLATOR ARRAY 

CZT module 20x20x10 mm3

20x20x5   mm3

Journal of Applied Physics 103,014903 (2008)

(Cadmium Zinc Telurium)
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POSITRON EMISSION TOMOGRAPHY (PET)
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PET

http://upload.wikimedia.org/wikipedia/commons/c/c1/PET-schema.png


Scintillating crystal and photomultiplier

GRUPO DE FISICA MEDICA

DEPARTAMENTO DE FISICA 

PARTICLE  DETECTORS IN MEDICINE

PET
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PET

SCINTILLATORS + PM ARRAY FOR PET

PHOTOMULTIPLIER TUBE



BEGININGS OF PET

1er prototype build: Gordon Brownell, 1952

Physics Research Laboratory, Massachusetts General Hospital 2 NaI scintillators

PC-II PET, 1976, Physics Research Laboratory, Massachusetts 

General Hospital, 2 banks of NaI scintillators

PCR-I PET, 1985, Ring Detector structure

Brownell et al. Physics Research Laboratory, Massachusetts General Hospital

Cilindro de centelladores con pequenos fotomultiplicadores
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PET



phoswich detector assembly – Université Aix-Marseille, France

SCINTILLATOR DETECTORS FOR A SMALL ANIMAL 

PET–CT PROTOTYPE
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SMALL ANIMAL PET
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SCINTILLATORS FOR PET



TELETHERAPY

DETECTORS

- Ionization chamber

• Diode array

• EPID (Electronic Portal Imaging Device)
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RADIOTHERAPY

CLINICAL e- ACCELERATOR 



BRAQUITHERAPY

Cs137

Ir 192 Ir 131

DETECTORS

- Ionization chamber

• G-M counter

• Personal dosimeters
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RADIOTHERAPY
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HADRONTHERAPY



DETECTORS

- Ionization chamber

• CMOS trasistor array

• Transducers + gas detectors

• SC detectors
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CERN PROJECTS 

- RD51

- CERIMED

NEW DETECTORS

- GEM (gas)

- MEDIPIX (SC)

- X-PAD

RESEARCH ON NEW  DETECTORS 
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SINERGY HEP    MEDICINE



GRUPO DE FISICA MEDICA

DEPARTAMENTO DE FISICA 

PARTICLE  DETECTORS IN MEDICINE

NEW TECHNOLOGIES
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AVALANCHE PHOTOMULTIPLIERGRUPO DE FISICA MEDICA
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NEW SCINTILLATORS
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CERIMED COLLABORATION



THANKS
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