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RECONSTRUCTION OF THE �0 KINEMATICSFROM  DECAY�Katarzyna Korzeka and Tomasz MatulewizInstitute of Experimental Physis, Warsaw UniversityHo»a 69, 00-681 Warsaw, Poland(Reeived November 12, 1999)The paper raises the problem of the reonstrution quality of �0 kine-matis from the detetion of both deay photons in a eletromagneti seg-mented alorimeter. The standard method of photon energy-saling is om-pared with the kinematially-onstrained �t proedure. The �2 value froma �t to a given event was a subjet of quantitative on�dene level analysis.This analysis rejets only a negligible fration of events in the ase of thekinemati �t proedure, while a large fration of events are disarded usingthe energy-saling method. The width of the reonstruted pion energy dis-tribution from the kinemati �t is redued by 14% ompared to the resultsof the energy saling method. Applying the kinematial �t method to theexperimental data, the reonstruted pion energy spetrum does not vio-late the kinematial limit imposed by the energy onservation, in ontrastto the energy-saling method.PACS numbers: 29.40.M, 29.40.Gx, 25.40.Qa1. IntrodutionThe identi�ation of neutral pions (and other neutral mesons) is usu-ally based on the invariant mass analysis of two-photon events deteted inan eletromagneti alorimeter. In this paper we address the question ofthe quality of the reonstrution of the kinematis of �0 , question impor-tant when the goal of the measurement is not only the �0 yield but theirkinematial properties. We disuss the properties of the onstrained �t-ting proedure (kinematial �t), whih is neessary to aount for the e�etof �nite angular resolution of the detetor. The method is applied to theresults of Monte-Carlo simulation of monoenergeti neutral pions and tothe experimental data obtained with the TAPS spetrometer in 190 MeVproton-indued �0 prodution on nulei.� Presented at the NATO Advaned Researh Workshop, Krzy»e, Poland2�4 September 1999. (71)



72 K. Korzeka, T. Matulewiz2. �0 identi�ation and simulationsThe observables needed for the identi�ation of �0 through the invariantmass m =p2E1E2(1� os �) analysis are two photon energies (E1 ,E2) and the opening angle � between them. In heavy-ion ollisions at in-termediate energies, the detetion of photons following neutral pion deay isnow done with BaF2 sintillation detetors. The response of the BaF2 baseddetetors are very well reprodued in Monte-Carlo simulations of the eletro-magneti showers with the GEANT ode. Therefore, the simulations an betreated very reliably for the detailed study of response funtion to partiles,like e.g., monoenergeti neutral pions. The geometry used in the simulationswas the geometry of the TAPS spetrometer [1℄ during the experiments per-formed at the AGOR ylotron of KVI Groningen, the Netherlands. 384BaF2 hexagonal rystals of 5.9 m inner diameter plaed at a distane of 66m from the target overed about 20% of the full solid angle. The angulardistribution of monoenergeti �0 was isotropi in the laboratory. The alu-lations were done in 5 MeV energy steps up to 55 MeV pion kineti energy(roughly the maximum �0 energy available in this experiment) and also forpions of 100 MeV kineti energy.3. Reonstrution of �0 kinematisThe angular resolution depends on the granularity of the detetors andthe distane from the target. In a segmented eletromagneti alorimeter theeletromagneti shower indued by an energeti photon usually spreads overseveral modules, allowing then to determine the �rst interation point with apreision better than the size of a single module [2℄. When the detetors areplaed far away from the target, the angular resolution is muh better om-pared to the energy resolution of a sintillation detetor. Let us onsider thease a two-photon event, that was aepted as a neutral pion deay on thebasis of invariant mass analysis. Sine its invariant mass is not exatly equalto the known pion mass, the two experimentally-measured photon energieshave to be appropriately saled in order to reprodue partile mass. Basingon the orreted photon energies and �xed angular information, the kine-matial properties of the deaying partile an be alulated. This method,desribed in Ref. [3℄, will be alled energy-saling method.When the detetors are plaed lose to the target, the redued preisionof angular mesurements might in�uene the proedure of reonstrution ofpion kinematis. In that ase, not only the photon energies have to be or-reted, but also their emission angles, to make an event ompatible withthe known meson mass. This is realised through a onstrained �t, alledthe kinematial �t. While satisfying the kinematial riteria of reproduingthe meson mass, the orreted photon momenta are determined by minimiz-



Reonstrution of the �0 Kinematis from  Deay 73ingthe �2-value�2 = 3Xi1;i2=1 2Xj1;j2=1(qi1j1 � pi1j1)Gi1i2j1j2(qi2j2 � pi2j2) ; (1)where pij is the measured i-th momentum omponent of j-th photon andqij its orreted value. Sine the momenta are not measured diretly, butalulated from the photon energy and angle, the �2 alulations takes intoaount the error propagation through the matrix Gi1i2j1j2 (more details inRef. [4℄). The invariant mass alulated from the reonstruted momentahas to be equal to �0 mass, so only 5 of the 6 omponents of Eq. (1) arefree parameters of minimization. The last parameter, for example pz of theseond photon, an be expressed analytially by the 5 other parameters.This expression, whih mimis the onstraint of the proper meson mass,allowed to develop a fast �tting proedure with the minimization libraryMINUIT.The aim of this analysis is the omparison of the quality of the reon-strution proedures and their resolutions. In order to answer this question,the quantity to be ompared is the �2 value. The quantitative interpre-tation of �2 values requires an insight in the properties of measurementerrors. The error distributions of three omponents of photon momenta isnon-gaussian when all  pairs from �0 deay are taken, regardless of theirinvariant mass value. As expeted, redution of the sample of events tothose of higher value of m improves the shape of error distributions. Aminimum of the �2/NDF value of the gaussian �t to this distribution is at112 MeV. This value is signi�antly higher than the values of the low-massut ommonly used for neutral pion identi�ation (for example 90 MeV inRef. [5℄). We laim that suh a strong ondition (whih depends of ourseon the experimental set-up) is neessary when the data are to be used forthe reonstrution of pion kinematis. The gaussian shape of the error dis-tributions of quantities adjusted in the kinematial �t proedure as well asin the energy-saling method allows now to make a quantitative omparisonof the reonstrution quality.Assuming a �2 on�dene level of 10%, we obtain a ondition allowingto rejet those reonstruted events, for whih the �2 value is above theone determined by the on�dene level. Appliation of this ondition shows(Fig. 1) dramatially di�erent in�uene on the e�ieny of the omparedmethods. The reonstruted pion total energy for both analyses are wellentered around the known energy that was used as input to the simula-tions. The shape of the total reonstruted energy distribution (Fig. 1),when no onditions are applied, are haraterized by signi�ant long tails onboth sides of the peak. The introdution of the m > 112 MeV ondition,
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150 200 250 300Fig. 1. Spetra of the reonstruted pion total energy with the energy salingmethod and the kinematial �t (left and right panels, respetively), obtained fromsimulated  deay of neutral pions of 100 MeV kineti energy (235 MeV totalenergy). The solid lines represent all  oinidenies' The events having m >112 MeV are represented by the dashed line. From these, events with �2 valuewithin 10% on�dene level are shown as dotted line (not distinguishable from thedashed one for the kinematial �t method).whih orresponds to the request of statistial nature of measurement errors,removes this tail in both ases. Now, the ondition of 10% on�dene level,while signi�antly reduing the number of aepted events in the energy-saling method, has almost no e�et for the kinematial �t proedure. Thisresult points that in spite of the strong rejetion of events haraterized bylow invariant-mass value, the orretions done by the energy-saling meth-ods to the measured photon energies are still large ompared to the knownresolution of the detetor. The kinematial �t proedure o�ers a better en-ergy resolution ompared to the energy-saling method. The resolution ofthe kinematial �t proedure is redued by 14% (averaged over the energyrange of the present analysis) ompared to the energy-saling method.4. Example of appliationThe two disussed methods for the reonstrution of pion kinematiswere applied to the experimental data of �0 prodution in 190 MeV proton-indued reations on Ni target. The measurements were done with the TAPSspetrometer at the AGOR ylotron, KVI Groningen.The total energy spetrum of reonstruted pions spans a large dynamirange from the �0 rest mass (Fig. 2). In the ase of the energy-saling methodapplied to  events with m > 90 MeV the high-energy tail of the spe-
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140 160 180 200 220 240Fig. 2. The total energy spetrum of �0 from the 190 MeV proton-indued reationson Ni. The �0 energy was reonstruted from the  deay applying the energy-saling method (open squares) and kinematial �t (open irles) to  events withm > 90 MeV. Pion energy reonstruted for events with m > 112 MeV by theenergy-saling method are denoted as full squares. The above and the on�denelevel of 10% onditions applied within the kinematial �t proedure result in aspetrum denoted by full irles.trum overomes the kinematial limit imposed by the energy-onservation.It is even worse for the kinematial �t proedure. When the m > 112 MeVondition is applied, the spetrum from the energy-saling method ontin-ues to exeed the kinematial limit (almost 100 events above 190 MeV, 60above 195 MeV). In the ase of the above ondition and the on�dene-levelanalysis, the kinematial �t proedure provides us with a spetrum whihdoes not e�etively exeed the energy limit (10 events above 190 MeV, singleone at 195 MeV). This property is obtained at a ost of redued e�ieny(only 54% of events aepted), due to the strong in�uene of the m > 112MeV ondition.



76 K. Korzeka, T. Matulewiz5. ConlusionsThe paper raises the problem of the quality of the reonstrution of�0 kinematis from the detetion of the two deay photons in an elero-magneti segmented alorimeter. Based on GEANT simulations of the�0 !  deay (m�0 = 135 MeV), we ompare the standard method of pho-ton energy saling with the kinematially-onstrained �t proedure whihallows for angular variations of the photon diretions as well. Analyzing theproperties of the measurement errors, we �nd that these errors have a sta-tistial harater only for events for whih the invariant mass m is above112 MeV. This value is muh higher than the low-mass uts ommonly used.With the statistial nature of the measurement errors, the �2 value from a �tto a given event an be a subjet of quantitative on�dene level analysis.We demonstrate that the on�dene level analysis (10% on�dene level)rejets only a negligible fration of events in the ase of the kinemati �tproedure, while a large fration of events are disarded using the energy-saling method. The width of the reonstruted pion energy distributionfrom the kinemati �t is redued by 14% ompared to the results of theenergy saling method. Also, applying the kinematial �t method to theexperimental data, the reonstruted pion energy spetrum does not violatethe kinematial limit imposed by the energy onservation, while the tail ofthe spetrum obtained with the energy-saling method is over that limit.With appropriate saling, these results an be appliable to the problem ofthe reonstrution of kinematis of other mesons deaying via two-photonhannel.This work was stimulated (TM) by the inspiring disussions during theWorkshop on Dileptons held at KVI Groningen, 1998. The authors aknowl-edge illuminating disussions on the error analysis with T. Tymienieka. Wethank also L. Apheethe for his help in GEANT simulations. We are grate-ful to the TAPS ollaboration for the aess to their experimental data priorto publiation. This work was supported in part by the Polish Committeefor Sienti� Researh (KBN) Grant 2P03B 013 14 and by the Frenh-Polishgrant POLONIUM. REFERENCES[1℄ H. Ströher, Nul. Phys. News 6, 7 (1996).[2℄ T. Awes et al., Nul. Instrum. Methods A311, 130 (1992).[3℄ H. Ströher et al., Nul. Instrum. Methods A269, 568 (1988).[4℄ K. Korzeka et al., in preparation.[5℄ R. Averbek et al., Z. Phys. A359, 65 (1997).


