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The knowledgeof X-ray beamspectrunwould be importantfor the optimizationof diagnostigproceduresallowingto reducethe patientdoseand improvingthe imagequality In fact, only the ‘
spectrometrianalysipermitsa completecharacterizatioaf the photonicbeambothunderqgualitativeandquantitativaspectenablingattenuatiorstudiesandqualityparametergvaluation
Usuallythe spectrometnof the availabladiagnosticX-raysbeamis not feasibleon-site becauseahe anodebrillianceis alwayoo greatfor anyspectrometrialetector To overcomethis difficulty, we
havebuilt up andtesteaa portablespectrometricystenbaseaon the Compitonscatteringifect the X-+ay spectrum.,;scatteredy a suitablegraphitetargetnsidethe chamberat a specificangle,/s Section of Bologna
collecteaand reconstructedy the inversionof scatteringnatrices To optimizethe performanceof tis instrumentwe havetestedmanykind of detectorsand the reconstructioralgorithmtakesinto
accounthe detectorefficiencyandperformsa parametriaescriptiornof the bremsstrahlung the diagnostienergyange/ls keV/ -150keV).
The secondnstruments a reaktime detectorsystencapabldo measuresomeparametergom the X+aybeamandthe highvoltagaeyeneratarA PC runsthe reconstructiorof the spectrunstarting
from of suchexperimeniaparameters
Experimentatesultsobtaineawith thesetwo deviceswill be shownand compareaeachother, but alsowith spectraacquireawith a nitrogencooled HPGe detectorin a laboratoryfacility (the gola
stanaaraiot suitablefor on sitemeasurementspim of this work Is to presentcharacterizand comparethesetwo innovativadevicezhatcanbe simplyimplementedn everyX-ayimagingnachine
to test,optimizebut alsocontrolthe performances Corresponding authogiuseppe.baldazzi@unibo.it

Introduction - | ———
Many attemptsof computingtheoreticalx-ray spectra was developed and enhanced in time. These models
satisfactoryts bremsstrahlungxperimentatlatabut the radiationemitted by eachindividualapparatugliffers for = |
efficiency,anodeangleand composition,inherentand additionalfiltration, technicalcharacteristicef the focusing
electronics Therefore, the models cannotreplacethe onfield measurementsf the quality parametersof each T T
radiologicakquipmentfor diagnostiaise _ // . o
Themostsignificantmodelshavebeenrealizedby: N [ T
A Birch andMarshall(B&M) (1979 [1]; thisis still the fastestndthe mostaccuratenodel | E @ EE w0 S E @ s W s w & a
A Tuckeretal. (199] [2]; useshe sameempiricalmodelasB&M adjustinghe exponentvalueaccordingo G&C e T o e o e [ e [
(1967 theoreticabredictiong7] and addingthe term studiedby Vignesand Dez (196§ [8] to takeinto account S
the depthof productionof the characteristig-raysandthe consequenattenuatiorby the anode = |
A Poludniowski(2007 [3]; this model usescalculationdasedon probability rules and empirical adjustmentgo e )I;T JIETT
obtainsatisfactoryesultdo simulatecharacteristicadiation Jrosie | Jasae

All thismodelsare parametricsemiempiricaittemptdo reconstructhe bremstrahlungontinuumand characteristic Simulationprogramof bremmestralhungnd fluorescencdinesfor tungsteranode
emissionfrom tungsterand molybdenumanodesX-raystubes We make use of thesemodelsto fit experimental Beamat 100 kvp. The spectrumareamustmeetthe photon fluencemeasuredn-

points, obtainedwith somekind of innovativeinstrumentspy adjustinghe parameterdy meansof a leastsquares  fi€ldandbe consistenwith the instantaneousaluesneasurewf the anodecurrent
technique The modelis amodified Birch-Marshallandparametersi controlthe shapeof the

spectrumtheAi parametersontrolthetotal fluence(area)

The Compton scattering method forXy Spectrometry On_ the left the Comptonspectrometebuilt around

Iti s po8stbleo makespectrometrylirectlyon the availablaiagnostibeam,in factthea n o delli@drseis always %".ﬂi'g?r?;?ﬁf’noéﬁﬂ?Eoetedzgpucl"t’)"gcauséts alignmentand
too great (at leastof 9" order of magnitude¥or any spectrometriccystemTo overcomethis difficulty we have shieldingtakesverylong time but the X ray spectrometry
developedbuilt up andtestedewportablespectrometerbasedn the Comptonscatteringthe primary X+aysbea is verygood
impingeon atarget and photonsscatterednsidea narrowconearounda 90Aangleare detectedLeavingntensityis

ofal® - 10 factorlowerwithrespecto thatof the primarybeamandthe spectrometri@analysiss nowpossible
A dedicatedsoftwarealgorithmwasstudiedto reconstructhe scatteregpectraThe deconvolutiormethodwasalso
experimentallyestedusinga cooledHPGe detectorwith strongcollimationplacedat a greatdistancg5m) from the

focalspot o |
Different Compton spectrometer

The simulation with measured parameters method forinealX+ay Spectrometry with different kind of detectors (thick
To measurethe X—+ay spectrumin realime during a diagnostieexaminationthe information comingfrom three  Si, YAP and LaByscintillator) haveis,
sourcesareneeded a)a speciallydevelopedexposuremetersystenwhichis mountedbetweerthe X raytubeandthe ~ Peen developed and tested. On Mg, e o - .
collimatorsgroup,and interceptsa little outer sectionof the beam ) the waveform®f voltageand c¢) of the anode ”g:: diofocscncgfnerggg;?:tapégttgzgf _—-— .
currenttakenout from the inverterof the radiologicabystemSuchinformationis usedto calculateparametergor a based on LaBrscintillator . =
photon fluence spectrumsimulationsoftware The method is completely operating and working, at an N | all
experimentalevel,atthe Dep.t of Physic®f the Universityof Bologha HPGe direct (red) and
The systentanimplementa patientdosemetricard equippeadwith a microchip,in whichthe interestedanatomidistrict,the FOV dimensionandthe HPGe Compton
focal spotpatientdistance(thatcould be automaticallymeasuredo calculatehe skin air KERMA) can be automaticallyegisteredogethermwith the spectrometer (black).
photonfluencespectrumSuchcollectionof informationguarante¢he patientdosimetryanda preciserepeatabilityf the diagnosti@xam 105 kV, 200 mA.

Spectrum obtained with the real FS to Patient

time spectrometer. Distance 100
Nardeneg gass body mm; 115 kV, 200
|

— - software \ =

l i" NEENEEEER HPGe direct (red) and

" ¢ 0 e Gold Standard LaBr, Compton

! - ' ""I!“”!"”"""! : with HPGe. spec%rometer (black).
LY oo ﬁ - 120 kV, 150 mA.
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