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PION REABSORPTION IN THE NUCLEAR MATTERA SIMPLE MODEL�K. Tymi«ska, T. Matulewiz and K. PiasekiInstitute of Experimental Physis, Warsaw UniversityHo»a 69, 00-681 Warsaw, Poland(Reeived February 7, 2002)The paper raises the problem of reabsorption of neutral pions in nulearmatter. Sophistiated transport models are unable to reonstrut the en-ergy spetra and angular distributions of subthreshold partiles. In orderto reprodue angular distributions of subthreshold pions we have developeda simple, geometrial model and have tried to ompare its preditions tothe wealth of experimental data. Although the assumptions of the modelare very simple, the agreement between data and the model results is gener-ally very good. The angular distribution of primordial pions was desribedby the formula 1 + A2P2(os#). For eah data set the A2 parameter wasdetermined from the omparison to experimental distribution. No appar-ent trend is observed and we onluded that the angular distribution ofprimordial pions has a universal value of A2 parameter.PACS numbers: 25.70.�z 1. IntrodutionThe anisotropy in angular distributions of neutral pions produed inheavy-ion ollisions at subthreshold energies was interpreted as reabsorptione�ets already in pioneering experiments by Grosse and oworkers [1, 2℄.The development of dediated eletromagneti alorimeters (like the TAPSphoton spetrometer [3℄) improved the quality of measurements of neutralpions. The experiments extended the knowledge of the reation mehanism,on�rming that the subthreshold pion prodution is dominated by the �rst-hane ollisions [4, 5℄ and that the �-resonane is important both to theprodution [6℄ and absorption [7℄ proesses. The present work reports ananalysis of the available experimental data on subthreshold pion produtionin the framework of a simple prodution and absorption model, aiming at� Presented at the VI TAPS Workshop, Krzy»e, Poland, September 9�13, 2001.(981)



982 K. Tymi«ska, T. Matulewiz, K. Piasekithe determination of global harateristis of the primordial pions angulardistribution. The determination of any regularity would be essential for anattempt to reate the systematis of prodution ross setion of primordialpions. 2. AssumptionsThe model used in our alulations assumes, that the pions are produedin the maximum overlap zone between two spherial nulei (Fig. 1). Theprodution probability for ollisions at di�erent impat parameters is pro-portional to the volume of the overlap zone (onstant for b < jR1 � R2jand dereasing for larger impat parameters). The prodution vertex is ran-domly seleted within that volume. The energy of the neutral pion is randomaording to the thermal distribution with the `temperature' parameter re-produing the experimental data. At beam energies below 100 AMeV, whereour analysis is mostly applied, this parameter does not show any energy de-pendene [8℄. The pion emission angle # is seleted randomly from thedistribution 1 + A2P2(os#), where P2 is the seond-order Legendre poly-nomial P2(x) = (3x2 � 1)=2. The A2 parameter was later varied in orderto reprodue the experimental angular distributions. The geometrial on-�guration of two olliding nulei is treated as frozen and the path L fromthe reation point to the point where the pion leaves the nulear system isalulated. The probability that the pion leaves the nulear medium is taken
b

b

Fig. 1. Shemati desription of the pion reation and absorption model. Theimpat parameter b determines the size of the prodution zone. The produtionprobability depends on the volume of the overlap zone, and this is illustrated bythe di�erent number of arrows depiting produed pions.



Pion Reabsorption in the Nulear Matter: a Simple Model 983as exp(�L=�), where the absorption length � is energy-dependent and wasparametrized aording to [9℄. This parametrization aounts for the largeross setion for the pion absorption around the energy orresponding to theexitation of the� resonane. The model aounts for neither the dynamialevolution of nulear matter in ourse of the ollision, nor for the inreasednulear matter density along the pion �ight path. It might be argued, thatthe �rst approximation is validated by the fat that pions as light partilesare, on the average, moving faster ompared to the speed of evolution of thenulear ollision. It orresponds to the model assumption, that the amountof nulear matter the pion has to travel through is predetermined at the be-ginning of the ollision. The pion absorption on nulei has little dependeneon the nulear density [10℄, so we an neglet the e�ets of inreased density.The model does not aount for the seondary pion emission following pionideays of �-resonanes exited by already produed pions. At beam ener-gies per nuleon below the pion prodution threshold only the low-energytail of the �-resonane is e�etively populated, so the pioni deay hannelis suppressed in favour of nuleon�hole exitations [11℄.
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0 50 100 150 200 250Fig. 2. The dependene of absorption length on the pion momentum. Full irlesdenote the values alulated within the optial model in Ref. [9℄.3. Comparison of the model to the experimental angulardistributionsWe have ompared the preditions of our model with the available ex-perimental data obtained in a wide range of energies and masses of ollidingnulei (Table I). For eah ase the A2 parameter was adjusted to reproduethe experimental angular distributions. Some results of the alulations andorresponding experimental data are shown in �gure 3. Generally, the agree-ment is very good. The only problem appeared in the ase of the reation



984 K. Tymi«ska, T. Matulewiz, K. Piasekiarbon on lithium, where the experimental ross setion ontinues to falldown with the inreasing emission angle, while the model predits a rise.The observed disrepany is partiularly astonishing in view of the verygood desription of Mg + � reation, where one of the ollision partners iseven smaller than lithium.
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0 20 40 60 80 100 120 140 160 180Fig. 3. Comparison of some of the experimental angular distributions (irles) andthe model alulations.The parameter A2 of the primordial pion angular distributions was ob-tained from the best �t to experimental data. The values of this parameterare plotted as a funtion of the total mass of olliding nulei (Fig. 4). Noapparent trend an be observed. We then onlude, that the angular distri-bution of primordial pions is onstant, with parameter A2 = 0:40 � 0:08.



Pion Reabsorption in the Nulear Matter: a Simple Model 985TABLE IList of the systems of olliding nulei, for whih the angular distribution was al-ulated within the presented model.Projetile Target Beam energy [AMeV℄ Ref.He Mg 43 [12℄Xe Au 44 [4℄C Li 85 [13℄C C 85 [13℄C Pb 85 [13℄Ar C 95 [5℄Ar Au 95 [5℄Au Au 1000 [14℄
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0 50 100 150 200 250 300 350 400Fig. 4. The A2 oe�ient obtained from the �t to the experimental angular dis-tributions, plotted as a funtion of the sum of mass of olliding nulei. The linesindiate the average value and error limits.4. ConlusionsThe angular distribution of neutral pions are generally well desribedin a simple model asumming the 1 + A2P2(os#) angular distribution ofprimordial pions and the absorption proess treated in a simple geometrialway. The A2 parameter of the primordial angular distribution seems to be
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