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Measurements were carried out at the 
synchrotron of CNAO, Pavia, It 

ThesoftwaresearchesthePBsthatcontributeto thedoseat

thepositionof theconsideredprofile. In practice,thesoftware

identifiesthePBs(registeredfrom1 to n) whoseaxishasa

distancefromtheconsideredprofilelowerthana givenvalue.

The correctionfunctionfortheconsideredprofileis:

were 

x is the depth, along an axis parallel to the PB axis 

d is the distance of the considered profile from the PBaxis

Ii is the intensity of the ith pencil beam.

PROPOSED METHOD FOR CORRECTING

THE MEASURED IMAGES

Thefollowingcorrectionis appliedto eachdoseprofile

havingdirectionparalleltotheaxis(x) ofthePBs:

Absorbed dose Dose measured by EBT3 film

Simulated absorbed dose

Simulated measured dose
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Remarks:

A softwarein MATLAB®hasbeendevelopedfor all the

necessaryevaluations,and finallyto get the correction

coefficientin eachpositionof a doseimageobtainedwith

anEBT3filmsotoachievethecorrectedimage.

Theproposedalgorithmrequiresparametersdescribingthe

pencilbeam(PB)broadeningandthesensitivityquenching

asa functionofdepthinwaterandoftheinitialenergy. The

parametersdescribingPB broadeningand sensitivity

quenchinghavetobedeterminedasa functionoftheinitial

energyof the particles. To this aim,studieshavebeen

carriedoutforvariousenergies.

Theresultsobtainedwithfourenergiesareherereported.

Inthefigure:

Blue- EBTsfilmcalibrationwithprotonsof173,6 MeV

(thecurveisthesameasthatobtainedwithphotons).

Red- Dose-responsecurveobtainedwithcarbonions

of 280 MeV/u. For carbonions, the linearenergy

transfer(LET),andthenthequenchingofsensitivity,is

alreadyhighfora fewhundredMeV/u.

Optical  analysis : with a CCD camera and a planar light source

Acquisitions: Images of transmitted light in the wavelength interval 

610-650 nm

From the transmittance images of irradiated and unirradiatedfilms 

the difference of optical density ȹ(OD) has been evaluated.

EBT3 films after irradiation at different doses

Thisprocedurewascarriedoutforfourenergies:

Energy(MeV/u) Range(mm)

166.4 60

245.8 120

301.4 170

380.4 250

Transversaldosemeasurements

SomeirradiationswereperformedwithEBT3 films

positionednormally to the PB axis, at various

depthsinsidea solid-water(RW3) phantomandthe

transversaldoseimageswereattained.

These transversal dose 

images were fitted with a 

double Gaussian

approximation.

In the figure, an example 

of the transversal dose 

of a PB of carbon ions 

(dots) and the double 

Gaussian fit (continuous 

surface) are reported.

Therefore,the PB broadeninghas been

describedevaluatinga circlehavingradius

ὶ=ЍὥϽὦ), whoseareais thesameof that

ofanellipsisofsemi-axes(a,b).

Foreachfittedimage,thesurfaceat halfmaximumwasdeduced.

Suchsurfaceshavean ellipticalshapewithsemi-axes(a,b) that

canchangefromonetimetoanother.

Provisionalfunctions have

beenappliedfor fittingthese

curves. Measurementswith

more energiesare now in

progress,to find parameters

of the fitting curves as a

functionofenergy.

InordertoinvestigatethequenchingofthesensitivityofEBT3 films,thein-depthprofilesoftheintegraldosesforthe

variousenergieshavebeencalculatedbymeansofFLUKAMCsimulations.

Theresultsareshowninfigure.
Themeasuredintegraldoseshave

been attained from the volume

under the Gaussian-fit surface,

evaluatedfor each EBT3 film.

Exampleofresultsarehereshow:

AlsothedosealongthePBaxishasbeenattained. Themeasuredvaluesarethedoseat themaximumof thefitting

double-Gaussiansurface. Theprofileof theabsorbeddosehasbeenattainedfromthecalculatedintegraldose,starting

fromtheknowntransversalprofileatdepthzeroandutilizingtheexperimentalresultsaboutthePBbroadening.

The quenchingof dosimeter

sensitivityhas beenevaluated

from the ratio between

measuredandcalculateddose.

Furthermeasurementsare in

progressto parameterizethe

quenchingas a functionof

energyanddepth. QUENCHINGOFSENSITIVITY

Longitudinaldosemeasurements

NOTE- TheEBT3 activelayer(28ɛm in thickness) is notwater-equivalent. Forin-depthmeasurements,EBT3

filmswereplacedalonga planeinclinedof 5 degreeswithrespectto thebeamaxis. In thisgeometry,it is not

possibleto makea longitudinalmeasurementwitha PB. Therefore,a procedurehasbeenstudiedto achievethe

3Ddosedistributionofa PB. SomeEBT3 filmswereirradiatedwithcarbonions,scanningthepencilbeam(PB)to

a squareregionof 30x 30mm2. Then,knowingtheirradiationconfigurationandusingthecalculateddepth-dose

profilesandtheexperimentalresultsforthebeambroadening,the3Ddistributionofthemeasureddoseforasingle

PBwasachieved.

MEASUREDTRANSVERSALDOSEIMAGEEBT3 FILMAFTERIRRADIATION MEASUREDTRANSVERSALDOSEIMAGEFORAPB

Finally,theobtaineddosedistributionsforsinglePBshavebeen

exploitedtoachieveprofilesofquenchingvsdepthinwater.

Centralprofileshave
been extractedfrom
the distributions of
single PBôsand
compared with the
valuesobtainedfrom
orthogonalfilms.

In thefigure,theresultsobtainedforcarbonionsof 100MeV/u
are shown,with the calculatedabsorbeddose. The ratio
betweenthesetwoprofilesisthequenchingprofile.

WORK IN PROGRESS  
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