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2�0-PHOTOPRODUCTION ON NUCLEI�S. Janssenfor the TAPS and A2 CollaborationII Physikalis
hes Institut, Justus Liebig Universität GiessenHeinri
h Bu� Ring 16, 35392 Giessen, Germany(Re
eived February 14, 2002)Double pion-photoprodu
tion has been studied on p;12C and natPb atin
ident photon energies up to 820 MeV at the MAMI fa
ility in Mainz.The pions were dete
ted in 
oin
iden
e using the TAPS 
alorimeter. Firstpreliminary results are available. The invariant mass distribution in the2�0-photoprodu
tion 
hannel 
hanges shape with in
reasing nu
lear mass.This A dependen
e is not seen in the �0�� 
hannel. The shift is 
onsistentwith theoreti
al predi
tions for a partial restoration of 
hiral symmetry atnormal nu
lear matter density.PACS numbers: 13.60.Le, 14.20.Gk, 14.40.Aq, 25.20.Lj1. Introdu
tionChiral symmetry, a fundamental symmetry of Quantum Cromodynami
sin the limit of massless quarks, is broken on the hadron level. There are,however, theoreti
al 
onsiderations [1℄ that 
hiral symmetry may be restoredin nu
lear matter, in parti
ular for high nu
lear densities and temperatures.When 
hiral symmetry is restored the masses of 
hiral partners be
omedegenerate. This implies that the masses of the pion (J� = 0�) and thes
alar�isos
alar �-mode (J� = 0+), the 
hiral partner of the pion, be
omethe same in the 
hiral limit. There exist di�erent model 
al
ulations as tohow this degenera
y is rea
hed. One of them assumes that the �-mass startsout with about 800 MeV and de
reases with in
reasing nu
lear density untilthe pion and the �-meson be
ome degenerate as they pass through the 
hiralphase transition [1℄ (see also �gure 1). At low nu
lear densities one 
an makethe simple ansatz m�(�) = m� �1� � ��0� ;� Presented at the VI TAPS Workshop, Krzy»e, Poland, September 9�13, 2001.(935)
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Fig. 1. The mass of the �-meson de
reases with in
reasing density until the pionand the � be
ome degenerate in mass. The �gure is taken from [1℄.where m� is the va
uum �-meson mass. The main de
ay mode of the � isthe 2�0-
hannel. If the mass of the �-mode is redu
ed with in
reasing nu-
lear density, the phase spa
e for the �0-de
ay be
omes smaller and smaller,squeezing the 2�0 invariant mass distribution towards the 2�0 threshold.The resulting invariant mass distribution is shown in �gure 2 [2℄. A shift to

Fig. 2. Spe
tral fun
tion of the sigma meson in va
uum (full 
urve) and at normalnu
lear matter density (the three other 
urves). The dashed 
urve (� = 0) in
ludesonly the �-nu
leus intera
tion and the other ones (� = 0.2, 0.3) in
orporate adropping sigma mass as explained in the text [2℄.



2�0-Photoprodu
tion on Nu
lei 937lower invariant masses is observed. Consequently, in 
ase of partial restora-tion of 
hiral symmetry in nu
lear matter, one expe
ts a shift of the 2�0invariant mass distribution towards the two pion mass threshold with in-
reasing nu
lear mass number A.The 2� invariant mass distributions in nu
lei have already been studiedin �-indu
ed rea
tions, namely in the (�+; �+��) rea
tion by the CHAOS
ollaboration [3℄ and in the (��; �0�0) rea
tion by the Crystal Ball 
ollabo-ration [4℄. Both groups observe a 
hange in the shape of the invariant massspe
trum for di�erent targets.2. ExperimentIn the pion indu
ed experiments, the kineti
 energy of the pion beamwas about 285 MeV. The mean free path of these pions is smaller than1 fm, therefore the intera
tion will take pla
e only at the surfa
e of thenu
leus and the two pion 
orrelations are probed at half of the normal nu
leardensity or even less. The advantage of the using a photon beam is thatthe intera
tion takes pla
e over the whole nu
leus, i.e. the produ
tion ofpion pairs o

urs at normal nu
lear density. The experiment was performedat the ele
tron a

elerator in Mainz. The MAMI fa
ility rea
hes ele
tronenergies up to 882 MeV, ele
tron bremsstrahlung photons were used for thephotoprodu
tion of pion pairs. The present study is limited to the photonenergy range of 400�460 MeV. Neutral pions have been identi�ed via theirde
ay into two photons whi
h have been registered in the photon dete
torTAPS.
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Fig. 3. Energy versus time spe
trum of 
harged parti
les for the rea
tion (
+C!�0+X) is plotted. The bran
hes of di�erent parti
les are 
learly separated.
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Fig. 4. (a) 2�0 invariant mass distribution for photon and �� indu
ed rea
tions onthe proton and on nu
lei. The open points are the Crystal Ball data [4℄ for a pionmomentum of 408 MeV/
. The bla
k points are the preliminary TAPS data in thephoton beam region of 400�460 MeV, 
orresponding to the same ps = 1300 MeVas in the �-beam experiments. (b) �0�� invariant mass distribution of the prelim-inary TAPS data. The solid 
urves represents �ts to the data. The experimentaldistributions are arbitrarily normalized, only the shapes are 
ompared.



2�0-Photoprodu
tion on Nu
lei 939The experiment shows agreement with the Crystal Ball data for in
identphoton energies between 400�460 MeV. The shape of the 2�0 invariant massdistribution 
hanges from p to nu
lei and with in
reasing A (see Fig. 4 (a)).This shift may be due to partial restoration of 
hiral symmetry. But it
ould also be due to �nal state intera
tions (FSI) of the pions. To 
he
k thispossibility, another isospin 
hannel of the 2� system has been investigated.A � 
annot de
ay into �0��, but if the shift in the mass distribution weredue to �nal state intera
tions it should also be seen in this 
hannel. Thereforethe �0�0 
hannel was 
ompared to the �0�� 
hannel. For events with one�0, all 
harged parti
les were analyzed. In the energy versus time spe
trumone 
an identify a pion band (see Fig. 3). As one 
annot distinguish between�+ and ��, we 
onsider both of them in the same way. �0�� invariant massspe
tra have been derived from the measured pion four-momentum ve
torsfor C and Pb targets. For the 
arbon data, the �0�� mass distributionlooks similar to the �0�0 
hannel, while there is a di�eren
e for the lead data(see Fig. 4 (a)). NoA dependen
e, however, is observed in the �0�� invariantmass distribution (Fig. 4 (b)).3. Con
lusionThe photoprodu
tion of pion pairs on the proton and on nu
lei has beenstudied for E
 = 400�460 MeV. A di�eren
e in the �nal state intera
tionof the pion pair with nu
lei is observed, depending on the isospin. For theI = J = 0 2�0 
hannel a shift of the 2�0 invariant mass distribution towardslower masses is observed. In the 
ase of the I = 1 
hannel (�0��) no su
hshift is found, demonstrating that �nal state intera
tions 
annot a

ount forthis observation. The di�erent behaviour of the mass distributions in theI = 0 and I = 1 
hannels is, however, 
onsistent with the s
enario of partialrestoration of 
hiral symmetry. Further studies aiming at higher statisti
sare in preparation.I would like to thank M. Kotulla and J. Mess
hendorp for their 
ontri-butions to the data analysis. REFERENCES[1℄ M. Lutz, S. Klimt, W. Weise, Nu
l. Phys. A542, 521 (1992).[2℄ P. S
hu
k et al., nu
l-th/0002031[3℄ F. Bonutti et al., Nu
l. Phys. A677, 213 (2000).[4℄ A. Starostin et al., Phys. Rev. Lett. 85, 5539 (2000).


