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Jefferson Lab has four primary program elementsJefferson Lab has four primary program elements

Nuclear physics: world leading user facility for Nuclear physics: world leading user facility for hadronichadronic physicsphysics
••6 6 GeVGeV program based on worldwide unique acceleratorprogram based on worldwide unique accelerator
••Planning for 12 Planning for 12 GeVGeV upgrade upgrade 
••Lattice QCD initiativeLattice QCD initiative

Support for construction projects involving Support for construction projects involving srfsrf technology within DOE technology within DOE 
national lab systemnational lab system

••SNS , ~ $21M program in FY SNS , ~ $21M program in FY ‘‘0101

Application of core competencies in support of Application of core competencies in support of ““photon sciencephoton science””
••FELFEL
••biobio--medical detector developmentmedical detector development

Advanced accelerator R&DAdvanced accelerator R&D

JLabJLab Program Focuses on Unique Program Focuses on Unique 
Expertise/CapabilitiesExpertise/Capabilities



Jefferson Lab Detector GroupJefferson Lab Detector Group
Stan Stan MajewskiMajewski (Group Leader)(Group Leader)

Brian Brian KrossKross
Vladimir Vladimir PopovPopov
Tim TranTim Tran
Mark SmithMark Smith
Drew WeisenbergerDrew Weisenberger
Ben WelchBen Welch
Carl ZornCarl Zorn

••Support design and construction of new detector systems Support design and construction of new detector systems 
••Technical consultants for the lab scientists and usersTechnical consultants for the lab scientists and users
••Development and use of radiation detection systemsDevelopment and use of radiation detection systems
••Expertise in nuclear particle detection Expertise in nuclear particle detection 

••gas based detectorsgas based detectors
••scintillation and light guide techniquesscintillation and light guide techniques
••standard and positionstandard and position--sensitive photomultiplier tubes (PSPMTs)sensitive photomultiplier tubes (PSPMTs)
••fast analog readout electronics and data acquisitionfast analog readout electronics and data acquisition
••onon--line image formation and analysisline image formation and analysis
••image reconstruction algorithmsimage reconstruction algorithms



Medical ImagingMedical Imaging

Functional Imaging Functional Imaging vsvs StructuralStructural

Ultra soundUltra sound
MRIMRI
XX--ray CTray CT
Nuclear ImagingNuclear Imaging

SPECTSPECT
PETPET



Nuclear medicine imaging basicsNuclear medicine imaging basics

Functional imaging (Functional imaging (vsvs structural): patient injected with structural): patient injected with 
radioradio-- pharmaceutical, shows function i.e. metabolism pharmaceutical, shows function i.e. metabolism 
via via ligandsligands labeled with radio isotopes.labeled with radio isotopes.

••Gamma CameraGamma Camera
••planar nuclear medicine images (also known as planar nuclear medicine images (also known as scintigraphyscintigraphy))
••singlesingle--photon emission computed tomography (SPECT)photon emission computed tomography (SPECT)
••technetiumtechnetium--99m (140 keV gamma99m (140 keV gamma--ray, 6 hour halfray, 6 hour half--life), life), 

••Positron Emission Tomography (PET)Positron Emission Tomography (PET)
••fluorinefluorine--18 (positron emitter, 110 minute half18 (positron emitter, 110 minute half--life) two 511 life) two 511 kevkev
annihilation photonsannihilation photons



Positron Emitting Isotope Half-life

(minutes)

Positron Emax

(MeV)

oxygen-15 ( 15O) 2.07 1.72

nitrogen-13 ( 13N) 9.96 1.19

carbon-11 (11C) 20.4 0.96

fluorine-18 (18F) 109.7 0.64

Isotope Half-live Photon energies (keV)

(photon abundance)

technetium-99m ( 99mTc) 6.02 hours 140 (89%)

indium-111 ( 111I) 2.83 days 170 (94%), 240 (90%)

gallium-67 (67Ga) 3.25 days 93 (37%), 185 (20%), 300 (17%), and 394 (4%)

iodine-123 ( 123I) 13.3 hours 159 (84%)

1818F F --fluorofluoro--22-- deoxyglucosedeoxyglucose (FDG)(FDG)

99m99mTcTc--sestamibisestamibi



ScintillatorsScintillators

Transparent material that generates a light pulse by converting Transparent material that generates a light pulse by converting 
energy lost by ionizing radiation.  Intensity of pulse of light energy lost by ionizing radiation.  Intensity of pulse of light directly directly 
proportional to absorbed energy (E = hproportional to absorbed energy (E = hν)ν). Inorganic used in nuclear . Inorganic used in nuclear 
medicine.medicine.

Energy transferred to material in three ways:Energy transferred to material in three ways:

••photoelectric absorptionphotoelectric absorption
••Compton scatteringCompton scattering
••pair production (E > 1.022 pair production (E > 1.022 MeVMeV))

For nuclear medicine imaging only photoelectric absorptionFor nuclear medicine imaging only photoelectric absorption
and Compton scattering.and Compton scattering.
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Clinical SPECT SystemClinical SPECT System Clinical PET SystemClinical PET System
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Collimator DesignCollimator Design
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scintillatorscintillator

1 cm thick1 cm thick
1.27 mm openings1.27 mm openings
0.15 mm septa 0.15 mm septa 
resolution at 1.5 cm is 3.5 mmresolution at 1.5 cm is 3.5 mm

366 366 cpm/cpm/μμCiCi



Latest PSPMT TechnologyLatest PSPMT Technology
allows modular detector constructionallows modular detector construction

Compact position sensitive Compact position sensitive PMTsPMTs: : 

HamamatsuHamamatsu’’ss R7600, H8500, and R7600, H8500, and BurleBurle’’ss 85001.85001.



R7900 PMTs

HV SUPPLY AND AMPLIFIERS

SCINTILLATOR ARRAYOPTICAL WINDOW

Schematic of an imaging detector head based on a Schematic of an imaging detector head based on a 
4 x 4 array of ~14 x 4 array of ~1”” square R7900square R7900--C8 C8 PSPMTsPSPMTs and a and a 
10x10cm scintillating crystal array.  The lead 10x10cm scintillating crystal array.  The lead 
collimator is removed.collimator is removed.

collimatorcollimator



Light Distribution Light Distribution 
Slab vs. Slab vs. PixellatedPixellated

Light spreader

PSPMTPSPMT PSPMTPSPMT PSPMTPSPMT PSPMTPSPMT PSPMT PSPMT 

Light SpreaderLight Spreader

PSPMTPSPMT PSPMTPSPMT PSPMTPSPMT PSPMTPSPMT PSPMTPSPMT

Tapered light guides are requiredTapered light guides are required
to recover light loss in the cracksto recover light loss in the cracks

PixellatedPixellated CrystalCrystalSlab CrystalSlab Crystal

Simple light guide light is Simple light guide light is 
sufficient to bypass the crackssufficient to bypass the cracks



Scintillator Array



Key Technology ComponentsKey Technology Components

HamamatsuHamamatsu R7600R7600--C8 C8 PSPMTsPSPMTs & & BicronBicron Corp. Corp. NaI(TlNaI(Tl) array) array



PixellatedPixellated scintillatorscintillator

Array of positionArray of position--
sensitive sensitive PMTsPMTs



DAQ Readout Technology EvolutionDAQ Readout Technology Evolution

CAMACCAMAC
LeCroyLeCroy FERA ADCsFERA ADCs

CAENCAEN
VMEVME
ADCsADCs

DATEL (orDATEL (or
Nat. Nat. InstrInstr.).)
PCI ADCsPCI ADCs



10 cm x 20 cm 10 cm x 20 cm NaI(TlNaI(Tl) 2 mm x 2mm  x 15 mm) 2 mm x 2mm  x 15 mm



JEFFERSON LAB GAMMAJEFFERSON LAB GAMMA--RAY IMAGING RAY IMAGING 
DETECTOR DEVELOPMENT FOR BIODETECTOR DEVELOPMENT FOR BIO--

MEDICAL APPLICATIONSMEDICAL APPLICATIONS
Partners:Partners:

••Case Western Reserve UniversityCase Western Reserve University
••College of William and MaryCollege of William and Mary
••Duke UniversityDuke University
••George Washington UniversityGeorge Washington University
••Hampton University Hampton University 
••Johns Hopkins UniversityJohns Hopkins University
••Medical College of VirginiaMedical College of Virginia
••Oak Ridge National LaboratoryOak Ridge National Laboratory
••University of VirginiaUniversity of Virginia
••University of West VirginiaUniversity of West Virginia
••DilonDilon Technologies, Inc.Technologies, Inc.



Optimization of Breast Imaging Procedure Optimization of Breast Imaging Procedure 
with Dedicated Compact Gamma Cameraswith Dedicated Compact Gamma Cameras

Standard gammaStandard gamma
cameracamera

DilonDilon imagerimager

Clinical Trials at Johns Clinical Trials at Johns 
HopkinsHopkins

tumortumor

tumortumor



Siemens left lateral     Siemens left lateral     DilonDilon left lateral         left lateral         DilonDilon left ccleft cc

•• Images obtained at Johns Hopkins UniversityImages obtained at Johns Hopkins University
•• No abnormality on ultrasound or xNo abnormality on ultrasound or x--ray ray 
mammography  mammography  

Clinical Performance  12.5cmx12.5cm ImagerClinical Performance  12.5cmx12.5cm Imager



••Fischer Imaging Inc. Fischer Imaging Inc. 
stereotactic breast biopsy stereotactic breast biopsy 
systemsystem
••Macintosh G3 desktop Macintosh G3 desktop 
computer computer 
••National Instruments Inc.:            National Instruments Inc.:            
4 channel ADC PCI card  PCI4 channel ADC PCI card  PCI--
6110E controlled via Sparrow 6110E controlled via Sparrow 
Inc. Kmax systemInc. Kmax system
••Event filesEvent files

Digital x-ray detector

Table with a hole
Compression paddle

X-ray generator

Mini gamma  
camera on  
removable  
positioning  
stage

Axis of rotation

Support arm

••Hampton UniversityHampton University
••Riverside Hospital Riverside Hospital 
••Newport News, VANewport News, VA



175 lb., 68 year 175 lb., 68 year 
old patient old patient 
8 cm comp, CC 8 cm comp, CC 
view of right view of right 
breast breast 
intraductalintraductal
carcinoma carcinoma 
cribriformcribriform typetype

196 lb., 39 year 196 lb., 39 year 
old patient old patient 
7 cm comp, 7 cm comp, 
6060°°MLO  view MLO  view 
of left breast of left breast 
benign cellular benign cellular 
fibroadenomafibroadenoma

180 lb., 77 year 180 lb., 77 year 
old patient old patient 
7 cm comp, CC 7 cm comp, CC 
view of the left view of the left 
breast breast 
invasive invasive ductalductal
carcinomacarcinoma
0.8 cm size0.8 cm size

192 lb., 56 year 192 lb., 56 year 
old patient old patient 
6 cm comp, CC 6 cm comp, CC 
view of the right view of the right 
breast breast 
infiltrating infiltrating 
carcinoma, carcinoma, 
lobualarlobualar
2.8 cm size2.8 cm size



Clinical Breast Positron ImagingClinical Breast Positron Imaging

•• 1818FF--fluorodeoxyglucose (FDG) is used to image increased fluorodeoxyglucose (FDG) is used to image increased 
metabolism of breast tumorsmetabolism of breast tumors

•• Imaging FDG uptake is useful in the detection, staging and Imaging FDG uptake is useful in the detection, staging and 
treatment of breast cancertreatment of breast cancer

•• No single factor is responsible for variation of FDG uptake No single factor is responsible for variation of FDG uptake 
in tumorsin tumors

•• Initial clinical evaluations of PEM systemsInitial clinical evaluations of PEM systems
-- better resolution than in conventional PET scannersbetter resolution than in conventional PET scanners



Schematic Diagram of PEM DetectorSchematic Diagram of PEM Detector



JLab Positron Emission Mammography (PEM) Imager JLab Positron Emission Mammography (PEM) Imager 
Clinical Trials at Duke University Medical CenterClinical Trials at Duke University Medical Center

xx--rayray
anatomical imageanatomical image

of xof x--ray attenuationray attenuation

PEMPEM
functional image offunctional image of
glucose metabolismglucose metabolism



PEMPEM--Biopsy ApparatusBiopsy Apparatus

PEMPEM DetectorDetector

PEMPEM DetectorDetector



The first clinical result The first clinical result 

(source:Ray (source:Ray RaylmanRaylman, Ph.D, West Virginia U.), Ph.D, West Virginia U.)



Animal ImagingAnimal Imaging
Imaging system capable of imaging in Imaging system capable of imaging in real real 
timetime gene function in a gene function in a livelive mouse.  No mouse.  No 
need to sacrifice the animal and allows the need to sacrifice the animal and allows the 
same mouse to be used in followsame mouse to be used in follow--up up 
research.research.

Applications:Applications:
••gene therapy developmentgene therapy development
••drug developmentdrug development

Change in distribution of Change in distribution of 
genetic marker over timegenetic marker over time
for a single live mouse. for a single live mouse. 



5 mm x 5 mm 5 mm x 5 mm ROIsROIs



JLabJLab--ORNL RestraintORNL Restraint--Free Small Animal SPECT Imaging SystemFree Small Animal SPECT Imaging System

multipinholemultipinhole masksmasks
gammagamma
camerascameras

trackingtracking

IR laser surface profiling laser tracking of mouse motionlaser tracking of mouse motion

SPECT SPECT -- CTCT

Detector/Tracking SystemDetector/Tracking System

compact hi-res gamma 
camera

00°° 6060°° 120120°° 180180°° 240240°° 300300°°
multipinholemultipinhole projections at 6 anglesprojections at 6 angles

MLEM sliceMLEM slice



X-ray micro-CT and SPECT Imaging

• Single Photon Emission CT (SPECT) used for 
functional imaging

• Dual Modality Example – Amyloid target labeled with I-
125

registered microregistered micro--SPECTSPECT
and microand micro--CT volumesCT volumes

registered microregistered micro--SPECTSPECT
and microand micro--CT slicesCT slices

QuickTime™ and a
 decompressor

are needed to see this picture.




Movie of sleeping animalMovie of sleeping animal Movie of segmented image from camera #1Movie of segmented image from camera #1

IR Reflector Tracking:
First Live Mouse Experiment
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