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PION REABSORPTION IN THE NUCLEAR MATTERA SIMPLE MODEL�K. Tymi«ska, T. Matulewi
z and K. Piase
kiInstitute of Experimental Physi
s, Warsaw UniversityHo»a 69, 00-681 Warsaw, Poland(Re
eived February 7, 2002)The paper raises the problem of reabsorption of neutral pions in nu
learmatter. Sophisti
ated transport models are unable to re
onstru
t the en-ergy spe
tra and angular distributions of subthreshold parti
les. In orderto reprodu
e angular distributions of subthreshold pions we have developeda simple, geometri
al model and have tried to 
ompare its predi
tions 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 des
ribedby the formula 1 + A2P2(
os#). For ea
h data set the A2 parameter wasdetermined from the 
omparison to experimental distribution. No appar-ent trend is observed and we 
on
luded that the angular distribution ofprimordial pions has a universal value of A2 parameter.PACS numbers: 25.70.�z 1. Introdu
tionThe anisotropy in angular distributions of neutral pions produ
ed inheavy-ion 
ollisions at subthreshold energies was interpreted as reabsorptione�e
ts already in pioneering experiments by Grosse and 
oworkers [1, 2℄.The development of dedi
ated ele
tromagneti
 
alorimeters (like the TAPSphoton spe
trometer [3℄) improved the quality of measurements of neutralpions. The experiments extended the knowledge of the rea
tion me
hanism,
on�rming that the subthreshold pion produ
tion is dominated by the �rst-
han
e 
ollisions [4, 5℄ and that the �-resonan
e is important both to theprodu
tion [6℄ and absorption [7℄ pro
esses. The present work reports ananalysis of the available experimental data on subthreshold pion produ
tionin the framework of a simple produ
tion and absorption model, aiming at� Presented at the VI TAPS Workshop, Krzy»e, Poland, September 9�13, 2001.(981)
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z, K. Piase
kithe determination of global 
hara
teristi
s of the primordial pions angulardistribution. The determination of any regularity would be essential for anattempt to 
reate the systemati
s of produ
tion 
ross se
tion of primordialpions. 2. AssumptionsThe model used in our 
al
ulations assumes, that the pions are produ
edin the maximum overlap zone between two spheri
al nu
lei (Fig. 1). Theprodu
tion probability for 
ollisions at di�erent impa
t parameters is pro-portional to the volume of the overlap zone (
onstant for b < jR1 � R2jand de
reasing for larger impa
t parameters). The produ
tion vertex is ran-domly sele
ted within that volume. The energy of the neutral pion is randoma

ording to the thermal distribution with the `temperature' parameter re-produ
ing the experimental data. At beam energies below 100 AMeV, whereour analysis is mostly applied, this parameter does not show any energy de-penden
e [8℄. The pion emission angle # is sele
ted randomly from thedistribution 1 + A2P2(
os#), where P2 is the se
ond-order Legendre poly-nomial P2(x) = (3x2 � 1)=2. The A2 parameter was later varied in orderto reprodu
e the experimental angular distributions. The geometri
al 
on-�guration of two 
olliding nu
lei is treated as frozen and the path L fromthe 
reation point to the point where the pion leaves the nu
lear system is
al
ulated. The probability that the pion leaves the nu
lear medium is taken
b

b

Fig. 1. S
hemati
 des
ription of the pion 
reation and absorption model. Theimpa
t parameter b determines the size of the produ
tion zone. The produ
tionprobability depends on the volume of the overlap zone, and this is illustrated bythe di�erent number of arrows depi
ting produ
ed pions.
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lear Matter: a Simple Model 983as exp(�L=�), where the absorption length � is energy-dependent and wasparametrized a

ording to [9℄. This parametrization a

ounts for the large
ross se
tion for the pion absorption around the energy 
orresponding to theex
itation of the� resonan
e. The model a

ounts for neither the dynami
alevolution of nu
lear matter in 
ourse of the 
ollision, nor for the in
reasednu
lear matter density along the pion �ight path. It might be argued, thatthe �rst approximation is validated by the fa
t that pions as light parti
lesare, on the average, moving faster 
ompared to the speed of evolution of thenu
lear 
ollision. It 
orresponds to the model assumption, that the amountof nu
lear matter the pion has to travel through is predetermined at the be-ginning of the 
ollision. The pion absorption on nu
lei has little dependen
eon the nu
lear density [10℄, so we 
an negle
t the e�e
ts of in
reased density.The model does not a

ount for the se
ondary pion emission following pioni
de
ays of �-resonan
es ex
ited by already produ
ed pions. At beam ener-gies per nu
leon below the pion produ
tion threshold only the low-energytail of the �-resonan
e is e�e
tively populated, so the pioni
 de
ay 
hannelis suppressed in favour of nu
leon�hole ex
itations [11℄.
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e of absorption length on the pion momentum. Full 
ir
lesdenote the values 
al
ulated within the opti
al model in Ref. [9℄.3. Comparison of the model to the experimental angulardistributionsWe have 
ompared the predi
tions of our model with the available ex-perimental data obtained in a wide range of energies and masses of 
ollidingnu
lei (Table I). For ea
h 
ase the A2 parameter was adjusted to reprodu
ethe experimental angular distributions. Some results of the 
al
ulations and
orresponding experimental data are shown in �gure 3. Generally, the agree-ment is very good. The only problem appeared in the 
ase of the rea
tion



984 K. Tymi«ska, T. Matulewi
z, K. Piase
ki
arbon on lithium, where the experimental 
ross se
tion 
ontinues to falldown with the in
reasing emission angle, while the model predi
ts a rise.The observed dis
repan
y is parti
ularly astonishing in view of the verygood des
ription of Mg + � rea
tion, 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 (
ir
les) andthe model 
al
ulations.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 fun
tion of the total mass of 
olliding nu
lei (Fig. 4). Noapparent trend 
an be observed. We then 
on
lude, that the angular distri-bution of primordial pions is 
onstant, with parameter A2 = 0:40 � 0:08.
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lear Matter: a Simple Model 985TABLE IList of the systems of 
olliding nu
lei, for whi
h the angular distribution was 
al-
ulated within the presented model.Proje
tile 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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oe�
ient obtained from the �t to the experimental angular dis-tributions, plotted as a fun
tion of the sum of mass of 
olliding nu
lei. The linesindi
ate the average value and error limits.4. Con
lusionsThe angular distribution of neutral pions are generally well des
ribedin a simple model asumming the 1 + A2P2(
os#) angular distribution ofprimordial pions and the absorption pro
ess treated in a simple geometri
alway. The A2 parameter of the primordial angular distribution seems to be
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kiindependent of the size of the 
ollision system and of the beam energy. Theaverage value of A2 equals 0:40 � 0:08. The model presented here may beused for a quite pre
ise estimation of the 
ontribution of photons originatingfrom �0 de
ay to the hard photon spe
trum of heavy ion 
ollision.This work was supported in part by the Polish State Committee forS
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