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MONTE CARLO SIMULATIONSFOR ANKE EXPERIMENTS�Izabella Zyhorfor the ANKE Collaborationy(COSY�Jülih)The Andrzej Soªtan Institute for Nulear Studies05-400 �wierk, Poland(Reeived Deember 3, 2001)The Monte Carlo ode ANKE-GEANT is used to simulate experi-ments with the ANKE spetrometer � an experimental faility for thespetrosopy of produts from proton-indued reations on internal tar-gets, plaed in the aelerator ring of the ooler synhrotron COSY of theForshungszentrum Jülih, Germany. Monte Carlo simulations are neededto determine a detetor aeptane, estimate bakground, understand mea-sured partile spetra. Calulations are also neessary to identify partilesand to obtain their energy losses. The Monte Carlo simulations are the onlymethod to reonstrut, without free parameters, momenta of ejetiles usinginformation from sintillation ounters and hit wire numbers in multi-wireproportional hambers.PACS numbers: 24.10.Lx, 29.30.�h, 29.85.+1. ANKE spetrometerThe Apparatus for studies of Nuleon and Kaon Ejetiles ( ANKE ) is anew experimental faility [1℄ for the spetrosopy of produts from proton-indued reations on internal targets, plaed in the aelerator ring of theooler synhrotron COSY of the Forshungszentrum Jülih, Germany. It is amagneti spetrometer with a large aeptane �50 msr for ejetiles emittedunder forward angles and COSY independent setting of the �eld strength inits dipole magnets and, thus, momentum range.COSY provides both unpolarized and polarized proton beams with mo-menta varying from 0.294 GeV/ to 3.450 GeV/.� Presented at the XXVII Mazurian Lakes Shool of Physis, Krzy»e, Poland,September 2�9, 2001.y For a omplete Collaboration list see: http://www.fz-juelih.de/ikp/anke(521)



522 I. ZyhorANKE makes possible various hadron-physis experiments like mesonprodution in elementary proton�nuleon proesses, studies of medium mod-i�ations of heavy meson prodution in proton�nuleus reations [2, 3℄, in-vestigation of nuleon�nuleon �nal state interation.The devie onsists of three dipole magnets, various target installationsand dediated detetion systems (see Fig. 1 ).
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Fig. 1. ANKE spetrometer and detetors [1℄.Three magnets (D1, D2 and D3) are used to de�et the irulating COSYbeam o� its straight path, to analyze momenta of reation produts andto de�et the beam bak to the nominal orbit, respetively. The momen-tum range overed by the individual detetion system depends on the �eldstrength in the spetrometer dipole D2. For example, at the maximum �eldstrength of 1.57 T kaons with momenta of 130 up to 635 MeV/ are deteted.The target an be a thin strip (� 1:5 mg/m2 ) made of any solid mate-rial, a luster jet, a frozen pellet or a polarized storage ell gas.Luminosities up to 3 � 1032/(m2s) are ahieved with solid targets andup to a few 1030/(m2s) for luster-jet.



Monte Carlo Simulations for ANKE Experiments 523The horizontal aeptane of ANKE is approximately �(12Æ�15Æ) forpositively harged partiles whih are emitted in the forward diretion. Thevertial aeptane depends on the exit position at D2 and typially rangesbetween �3Æ and �5Æ.Detetion systems allow to identify di�erent ejetiles, positively and neg-atively harged: e.g. forward going fast p; d, 3H and 3He, harged mesons,slow spetator partiles. A large side detetor, optimized for the detetionof K+-mesons, is built of START sintillators, two Multi-Wire ProportionalChambers MWPC and STOP telesopes.2. ANKE-GEANT pakageOne of the major parts of the ANKE-GEANT [4℄ program is the geom-etry pakage whih has two main funtions: (1) de�ne, during the initial-ization of the program, the geometry in whih the partiles will be traked,(2) ommuniate, during the event proessing phase, to the traking routinesthe information for the transport of the partiles in the geometry whih hasbeen de�ned.The ANKE-GEANT geometry pakage preisely desribes the full spe-trometer: magnets, vauum hambers, target hambers, detetor systemset. The real setup is divided into parts easily onverted into shapes sup-ported by GEANT. Preparation of desription of the ANKE geometry forthe Monte Carlo ode was a time onsuming task whih has started frommeasurements of dimensions and positions of all ANKE elements. Measureddimensions and positions of all elements of the ANKE setup are then usedto alulate shape parameters and positions of volumes aording to theGEANT onvention.For the desription of the magneti �eld in the spae oupied by theANKE faility, measured �eld maps are used in ombination with three di-mensional �eld alulations made with the MAFIA ode. The MAFIA al-ulations were heked by omparison with �oating wire measurements [5℄.All physial phenomena (e.g. pair prodution, Compton sattering, pho-toeletri e�et, Rayleigh sattering, bremsstrahlung, hadroni proess, an-nihilation, Æ-rays, muon nulear interation, photo�ssion, deay in �ight, en-ergy loss, multiple sattering, �erenkov photon generation, �erenkov lightabsorption, synhrotron radiation generation, di�erent energy �utuationmodels) an be swithed on or o� by the user.Full information about events is written to output �les. One event on-sists of several traks and more than one partile an appear in it. Typialparameters of the partile trak, like time of �ight, energy loss in variousounters and path length from the target to eah detetor, are stored.



524 I. ZyhorFig. 2 shows a dependene of the average ejetile momentum on theSTART detetor obtained in ANKE-GEANT simulations. The di�erenebetween the expeted and simulated values is observed for all STOP dete-tors and is aused by plaing them not in the foal plane of D2.

Fig. 2. Dependene of the average ejetile momentum on the number of the hitSTART detetors alulated for STOP #8. The momentum of 0.152 GeV/ orre-sponds to the �+ momentum from the two-body reation 0.861 GeV/ pp! d�+.3. Reonstrution of ejetile momentaMonte Carlo simulations are very useful to determine a detetor aep-tane, estimate bakground, understand measured partile spetra. Thesealulations are also neessary for identi�ation of partiles and alulationsof their energy losses. The Monte Carlo simulations are the only methodto reonstrut the momenta of ejetiles, without free parameters, from mea-sured hits in MWPC's for the two body alibration reations. Calulatedand measured parameters are used to verify positions of setup elements, oreven to �nd orret values (e.g. by omparing the simulated and experimen-tal hit distributions in MWPC's).The momentum alibration of ANKE is performed with pions emittedunder forward angles from the two-body reation pp! d�+ [6℄. For emis-sion angles � 5Æ these pions are almost monoenergeti ompared to themomentum resolution of ANKE. Calibrations have been done for the STOPtelesopes with numbers from 6 to 15 and for low D2 magneti �eld values



Monte Carlo Simulations for ANKE Experiments 525from 0.6493 to 0.8946 T. The COSY beam projetile momenta were in therange from 0.826 to 1.136 GeV/. The orresponding �+ momenta from thetwo-body reation are then from 0.121 to 0.352 GeV/, respetively. Infor-mation from START and STOP detetors and from hit wire numbers in twoMWPC's is used in ANKE experiments for partile traking to determinethe ejetile momenta.Typial distributions of hit wires from the 0.86 GeV/ p + p simulatedreation are shown in Fig. 3. Observed disrepanies in simulated and mea-sured distributions are then used to �nd preise positions of the ANKEdetetors.

Fig. 3. Simulated distributions of hit wires in the 1st MWPC for START #8 andSTOP #8. The most narrow distribution (solid line) orresponds to the vertialwires in the hamber, the broader distributions (dotted and dashed lines) to theinlined wires.To obtain ejetile momenta measured in a ertain STOP detetor it isassumed that a unique dependene exists between momentum and 6 wireshit in the MWPC's. A 2nd order polynomial of 6 variables with 28 oef-�ients is �tted through a set of data points with the standard MINUITprogram. Coe�ients whih are obtained from ANKE-GEANT simulationsare then used to reonstrut momenta from measurements. The resolutionof reonstruted momenta does not depend on the partile type.Fig. 4 shows the reonstruted �+ momenta, both for simulated andmeasured two-body events. It an be seen that the resolution for measureddata is slightly worse than the value expeted from the simulations. Thedi�erene is minimized by taking into aount only events orresponding toa single START-STOP ombination.



526 I. Zyhor

Fig. 4. Simulated and measured (reonstruted) momenta of �+ from the0.861 GeV/ pp ! d�+ reation. The oe�ients were alulated for STOP #8and START #7 and #8, then applied for all START's and STOP #8.The author would like to aknowledge the hospitality and �nanial sup-port from the Forshungszentrum Jülih. The work was also supported bythe DLR International Bureau of the BMBF (Grant POL 01/015), Bonnand the Polish State Committee for Sienti� Researh (KBN).REFERENCES[1℄ S. Barsov et al., Nul. Instrum. Methods Phys. Res. A462, 364 (2001).[2℄ M. Büsher et al., Nul. Instrum. Methods Phys. Res. A, in print.[3℄ V. Koptev et al., Phys. Rev. Lett. 87, 022301 (2001).[4℄ GEANT � Detetor Desription and Simulation Tool, CERN;ANKE-GEANT � http://www.fz-juelih.de/ikp/anke.[5℄ H.J. Stein et al., Rev. Si. Instrum. 72, 2003 (2001).[6℄ S. Barsov et al., Ata Phys. Pol. B31, 357 (2000).


