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1 IntrodutionThe PARIS projet is a new γ-ray array whih aims at addressing topialnulear physis researh programs with SPIRAL2 beams. We desribe thisprojet here as it is developed within the simulation GEANT4-based NPToolframework. The design and hoie of the sintillator is still matter of dis-ussion within the ollaboration, and several and independent simulationframeworks are being used to help onverging towards a de�nitive solution.In NPTool, we onsider an array of phoswih detetors onsisting of LaBr3and NaI (originally CsI) sintillators, surrounded by NaI (originally CsI)shields, in an EXOGAM-like spherial on�guration. The modular aspet ofthe NPTool framework allows for the PARIS array to be modelled either as astandalone detetor or oupled to other NPTool modelled detetors like GAS-PARD and MUST2.The general struture of the PARIS program is based onthe struture of the GASPARD program, thus many details desribed hereare similar to the GASPARD doument.2 NPSimulation2.1 Spei�ity of Paris

Figure 1: Two drawings of a single phoswih module. The LaBr3 sintillatoris in blue and the NaI sintillator is in redIn this released of NPTool, the PARIS γ-ray array onsists of phoswihdetetors with squared ross setion of 2�×2�. The phoswih �rst layer is a2� long LaBr3 sintillator. The seond layer is a 6� long sintillator of NaIsintillator (see �g. 1). Originally, CsI sintillators were onsidered and, for3



that unique reason, many omments and variable names in the program stillpoint at CsI sintillators. The user should be aware that the CsI material hasbeen replaed by NaI following prototype testing results. All the ommentsand variable names will be orreted in future a release.The phoswih modules are grouped in 3×3 lusters (see �g. 2) or usedas single modules (see �g. 1) . All are positioned to form a spherial on-�guration of an adjustable inner radius between 20.8 and 23.5 m, as showin �g. 3. A shield made of extra NaI sintillators surrounds the luster andsingle phoswih to �ll the gaps in between, and give a spherial geometry tothe full array (see �g. 4). The lusters and single phoswih modules of theParis detetor are desribed in the Paris lass de�ned in the Paris.{hh,}�les. The geometry of the luster is de�ned in the ParisCluster.{hh,} �les,and the geometry of a single phoswih module is de�ned in the ParisPho-swih.{hh,} �les. The shields of CsI sintillators are desribed in a di�erentlass alled Shield, and de�ned in the Shield.{hh,} �les. Di�erent shieldgeometries are used for the lusters and single phoswih modules. The ge-ometry of the luster shield is de�ned in the �les ShieldClParis.{hh,}. Thegeometry of the single phoswih module shield is de�ned in the �les Shield-PhParis.{hh,}.

Figure 2: Two drawings of a 3×3 luster. The LaBr3 sintillator is in blueand the NaI sintillator is in redSine the Paris detetor and the NaI shield are registered in the Dete-torConstrutor. �le ,they are available for NPSimulation.As for other NPTool modelled detetors, in order to manage the di�erentdetetor shapes (luster, single module, luster shield, single module shield)of the Paris array, the Paris and Shield lasses hold a vetor of ParisModuleand ShieldModule objets, respetively, from whih are deriving all the dif-ferent shapes (ParisCluster, ParisPhoswih,ShieldClParis, and ShieldPhParis4



lasses).

Figure 3: Spherial on�guration of Paris, without shielding.2.2 Running the simulationAs for other NPTool simulations, to run Paris simulations the following om-mand line should be exeuted:Simulation -D yyy.detetor -E xxx.reationwhere xxx.reation is an input �le desribing the event generator andyyy.detetor is an input �le desribing the detetor geometry. All theseinput �les are based on keywords and an be found in the $NPTool/Inputssubdiretories.2.2.1 Event GeneratorsIn the distributed version, a soure of γ-ray either at rest or in motion alongthe beam axis an be used. For an isotropi or a ollimated soure at rest, theevent generator �le isotropi.soure in the Inputs/EventGenerator is avail-able.An example is given in the �le gamma.soure. For a soure in the move,one an use the example given in the soure.reation �le.5



Figure 4: Spherial on�guration of Paris, with shielding.2.2.2 Detetor Con�gurationsThe keywords assoiated to the detetor geometry �le are di�erent for eahdetetor. In ase of the Paris detetor, an example with all the kind ofdetetor shapes available at the moment is given below:%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%Paris%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%ParisClusterX1_Y1= -84.5 -208 84.5X1_Y128= 84.5 -208 84.5X128_Y1= -84.5 -208 -84.5X128_Y128= 84.5 -208 -84.5VIS=all%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%ParisPhoswihX1_Y1= -128.6063166 143.3590149 -88.301235X1_Y128= -151.8764696 96.81870993 -111.571389X128_Y1= -88.30122956 143.3590149 -128.606323X128_Y128= -111.5713826 96.81870993 -151.876476VIS= all 6



%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%Shield%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%ShieldClParisX1_Y1= 151.375 153.75 364X1_Y128= 151.375 91.5 364X128_Y1= -84.5 153.75 364X128_Y128= -84.5 91.5 364VIS= all%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%ShieldPhParisTHETA= 54.73PHI= 45.02R= 248BETA= 0 0 -30VIS= allThe Paris and shield detetors are independent. In other words, one anuse Paris detetors with or without the NaI shields.In order to delare a Paris detetor in NPSimulation, the key word Parisshould be spei�ed in the geometry �le. It should then be followed by otherkeywords onerning the di�erent detetors present. Suh keywords availableat the moment are:
• ParisCluster
• ParisPhoswihEah keyword orresponds to a detetor shape whih has its own set ofkeywords whih is used to position the detetor in the world volume. Forthe Shield detetors, the keyword Shield should be spei�ed in the geometry�le, followed by other keywords assoiated to the di�erent detetor shield forluster (Cl) and single phoswih (Ph):
• ShieldClParis
• ShieldPhParisIn priniple, to position the detetors two possibilities exist. Either theCartesian oordinates (x,y,z) of eah detetor's orner are spei�ed with thekeywords X1_Y1, X1_Y128, X128_Y1 and X128_Y128(ase of ParisClus-ter, ParisPhoswih and ShieldClParis), either the spherial oordinates of the7



detetor's entre are spei�ed with the keywords R, THETA and PHI (aseof ShieldPhParis). While the �rst solution is very helpful when working withthe mehanial engineers, the seond solution is useful when investigatingnew geometries. However, up to now, only one solution for eah type ofParis and Shield detetors has been tested, and this is the solution givenabove as an example.2.2.3 Physis listThe eletromagneti physis proess used by default in NPTool is the stan-dard GEANT4 physis list. The user an however hoose a di�erent physislist amongst the Standard, Low Energy and Penelope physis list by modi-fying the �le: $NPTool/NPSimulation/sr/PhysiList.. As an example,inorder to hoose the low energy physis list (reommended), open the Physi-List. �le and omment and unomment the relevant lines as follow:if (partileName == "gamma") {// gamma//standard Geant4//pmanager->AddDisreteProess(new G4PhotoEletriEffet);//pmanager->AddDisreteProess(new G4ComptonSattering);//pmanager->AddDisreteProess(new G4GammaConversion);//Low energy//pmanager->AddDisreteProess(new G4LowEnergyPhotoEletri);pmanager->AddDisreteProess(new G4LowEnergyCompton);G4LowEnergyPhotoEletri* LePeproess = new G4LowEnergyPhotoEletri();LePeproess->AtivateAuger(true);LePeproess->SetCutForLowEnSePhotons(0.250*keV);LePeproess->SetCutForLowEnSeEletrons(0.250*keV);pmanager->AddDisreteProess(LePeproess);pmanager->AddDisreteProess(new G4LowEnergyGammaConversion);pmanager->AddDisreteProess(new G4LowEnergyRayleigh);pmanager->AddProess(new G4StepLimiter(),-1,-1,3);// Penelope//pmanager->AddDisreteProess(new G4PenelopePhotoEletri);//pmanager->AddDisreteProess(new G4PenelopeCompton);//pmanager->AddDisreteProess(new G4PenelopeGammaConversion);//pmanager->AddDisreteProess(new G4PenelopeRayleigh);} else if (partileName == "e-") {//eletronpmanager->AddProess(new G4MultipleSattering, -1, 1, 1);//standard geant4://pmanager->AddProess(new G4eIonisation, -1, 2, 2);//pmanager->AddProess(new G4eBremsstrahlung, -1, -1, 3);// Low energy:G4LowEnergyIonisation* LeIoproess = new G4LowEnergyIonisation("IONI");LeIoproess->AtivateAuger(true);LeIoproess->SetCutForLowEnSePhotons(0.1*keV);LeIoproess->SetCutForLowEnSeEletrons(0.1*keV);pmanager->AddProess(LeIoproess,-1,2,2);//pmanager->AddProess(new G4LowEnergyIonisation, -1, 2, 2);8



G4LowEnergyBremsstrahlung* LeBrproess = new G4LowEnergyBremsstrahlung();pmanager->AddProess(LeBrproess, -1, -1, 3);pmanager->AddProess(new G4StepLimiter,-1,-1,3);//pmanager->AddProess(new G4LowEnergyBremsstrahlung, -1, -1, 3);// Penelope:// pmanager->AddProess(new G4PenelopeIonisation, -1, 2, 2);// pmanager->AddProess(new G4PenelopeBremsstrahlung, -1, -1, 3);} else if (partileName == "e+") {//positronpmanager->AddProess(new G4MultipleSattering, -1, 1, 1 );// standard Geant4 and Low energypmanager->AddProess(new G4eIonisation, -1, 2, 2 );pmanager->AddProess(new G4eBremsstrahlung, -1, -1, 3 );pmanager->AddProess(new G4eplusAnnihilation, 0, -1, 4 );pmanager->AddProess(new G4StepLimiter(), -1, -1, 3 );//Penelope://pmanager->AddProess(new G4PenelopeIonisation , -1, 2, 2 );//pmanager->AddProess(new G4PenelopeBremsstrahlung, -1, -1, 3 );//pmanager->AddProess(new G4PenelopeAnnihilation, 0, -1, 4 );2.3 Simulation outputAgain, as in other NPTool simulations, the results of the simulations are inthe ROOT format and the output �le is stored in the $NPTool/Output/Sim-ulation diretory. If the PARIS geometry input �le inludes the NaI Shield,the output ROOT �le ontains four lasses:
• TInitialConditions: This lass reords all the information onerningthe event generator suh as the vertex of interation, the angles ofemitted partiles in the enter of mass and laboratory frames...
• TInterationCoordinates: Although this lass appears in the tree, itis not in use with the PARIS array alone. Please, see GASPARDdoumentation for more details.
• TParisData: This lass stores the results of the simulation for the lus-ter and single phoswih detetor. Independently of the number andshape of the detetors involved in the geometry, only one lass is re-ated for the whole PARIS detetor. For eah event, the energy foreah layer of sintillators is reorded. The time, detetor number andrystal number information will be added in future release. At the mo-ment, this is equivalent of having a perfet add-bak algorithm betweenrystals within eah layer.
• TShieldData: This lass stores the results of the simulation for Shielddetetor. Independently of the number and shape of the detetors in-volved in the geometry, only one lass is reated for the whole shield9



detetor. For eah event, the energy is reorded. The time, detetornumber and rystal number information will be added in future re-lease. At the moment, this is equivalent of having a perfet add-bakalgorithm between the shield rystals.3 NPAnalysis3.1 GeneralOnly a very preliminary analysis ode is provided with this release.3.2 ParisThe analysis ode for the Paris array is in the $NPTool/NPAnalysis/Parisdiretory. For the moment the main feature is the photopeak e�ieny asfuntion of the γ-ray inoming energy. The photopeak e�ieny in eah layerof the array is alulated as well as for the NaI sheild. The full photopeak ef-�ienies, with and without add-bak orretion between the di�erent layers,are also determined.3.2.1 Running the analysisTo run NPAnalysis the following ommand line should be exeuted in the$NPTool/NPAnalysis/Paris diretory:./Analysis -D yyy.detetor -E xxx.reation -R RunToTreat.txtwhere xxx.reation is the input �le desribing the event generator usedin NPSimulation and yyy.detetor is the input �le desribing the detetorgeometry used in NPSimulation. All these input �les are based on keywordsand an be found in the $NPTool/Inputs subdiretories. The RunToTreat.txt�le ontains the name of the �les (either from NPSimulation or from realexperiment) whih should be analysed. The name of the tree should also bespei�ed. An example of suh a �le is given here:TTreeNameSimulatedTreeRootFileName../../Outputs/Simulation/myResult.root% ../../Outputs/Simulation/mySimul.root10



3.2.2 Results of the analysisThe results of the analysis are stored in a ROOT �le in the $NPTool/Out-put/Analysis diretory.3.2.3 Struture of the analysis******* to be doumented *********
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