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NUCLEON RESONANCES AND MESON PRODUCTIONWITH TAPS AT MAMI �S. S
hadmandfor the TAPS and the A2 CollaborationsII Physikalis
hes Institut, Justus-Liebig-Universitaet GiessenHeinri
h-Bu�-Ring 16, 35392 Giessen, Germany(Re
eived August 7, 2000)Results from experiments performed with the ele
tromagneti
 
alori-meter TAPS in 
ombination with the tagged photon beam fa
ility at theMAMI a

elerator in Mainz are presented. In this 
ontribution the photo-produ
tion of pion pairs from the proton is dis
ussed. In addition, prelim-inary results of the �0
 de
ay of the � resonan
e are reported.PACS numbers: 13.60.Le, 14.20.Gk, 25.20.Lj1. Introdu
tionThe aim of the TAPS resear
h program with photon beams is an in-vestigation of the stru
ture of the nu
leon by studying the photoex
itationof nu
leon resonan
es and their subsequent meson de
ay. The nu
leon res-onan
es a

essible with MAMI beam energies 
over the se
ond resonan
eregion. In single-pion produ
tion the identi�
ation of the individual reso-nan
es is hindered by their large widths and strong overlap with ea
h other.However, a separation is possible in double pion and � produ
tion pro
esses.The following table lists the resonan
es along with their 
hara
teristi
 de
aymodes and total widths.P11(1440) N�� (30�40%) �350 MeVD13(1520) N�� (40�50%) �120 MeVS11(1535) N� (30�55%) �150 MeV� Presented at the Meson 2000, Sixth International Workshop on Produ
tion, Proper-ties and Intera
tion of Mesons, Cra
ow, Poland, May 19�23, 2000.(2431)



2432 S. S
hadmandIn photoabsorption experiments on nu
lei a strong depletion of the se
ondresonan
e region is observed and is 
onne
ted to 
hanges of hadron prop-erties in the nu
lear medium. Nu
leon resonan
es mostly experien
e anappre
iable broadening in nu
lear matter. The largest e�e
t is observed forthe D13 resonan
e and may be attributed to its �-meson de
ay 
ombinedwith the broading of the � spe
tral fun
tion the nu
lear in medium [1�3℄.A further investigation requires the study of double pion photoprodu
tionas it is the dominant pro
ess in this energy region and the dominant de
ay
hannel of the �-meson. Pre
ise measurements of the total 
ross se
tionof all isospin 
hannels have been a
hieved with the DAPHNE- [4, 5℄ andTAPS-dete
tors [6, 7℄ at MAMI. However, the identi�
ation of the rea
tionme
hanisms requires more detailed information. Invariant mass distribu-tions of the pion-pion and pion-nu
leon pairs have been reported by theDAPHNE group for the n(
; �0��)p rea
tion [8℄. In this 
ontribution pre-liminary results for the invariant mass distributions of the p(
; �0�0)p [9℄and p(
; �0�+)p [10℄ rea
tion 
hannels are dis
ussed. In addition, prelim-inary results of an investigation of the rea
tion 
p ! �0
p are presentedwhere the photon is emitted from within the � resonan
e [11℄. The goal isa �rst determination of the magneti
 moment of the �+ resonan
e.2. Experimental setupThe experiments were performed with the TAPS dete
tor in 
ombinationwith the tagged photon beam fa
ility at the MAMI a

elerator in Mainz. Sixdete
tor blo
ks 
onsisting of 64 BaF2 plasti
 teles
opes, respe
tively, and aforward wall of 120 teles
opes were arranged in one plane around the s
atter-ing 
hamber. The dete
tion system provides time-of-�ight, energy, and pulseshape information of the dete
ted parti
les. In addition, neutral/
hargedparti
le identi�
ation 
an be derived from thin plasti
 s
intillators in frontof the BaF2 
rystals. A des
ription of the dete
tor and the performan
e 
anbe found in [12, 13℄. In the experimental 
ampaign, data sets using photonbeams up to 850 MeV have been a
quired where LH2, LD2 as well as heaviertargets were employed.3. Double pion photoprodu
tionThe total 
ross se
tions for both �0�0 and �0�+ produ
tion from theproton (Fig. 1) stays below 30 nb from threshold up to 370 MeV and risessmoothly to higher energies. The 
ross se
tion shows a broad peak at themass pole of the D13 resonan
e (E
=740 MeV). The experimental results in
omparison to 
al
ulations within the model of [14℄ demonstrate the domi-nan
e of this resonan
e. Appropriately for the neutral 
hannel, this model
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ross se
tion as a fun
tion of in
ident photon energy for �0�0 (left)and �0�+ produ
tion (right) o� the proton. The lines 
orrespond to models (seetext). On the upper horizontal axis 
enter-of-momentum energies are indi
ated.The �gures are taken from Wolf et al. [9℄ and Langgärtner et al. [10℄.
does not in
lude 2� produ
tion from the � meson de
ay. However, the 
al-
ulation underpredi
ts the total �0�+ 
ross se
tion by a fa
tor of 2. InFig. 2, �0p invariant mass distributions are shown for di�erent beam en-ergies. A strong 
ontribution of a sequential de
ay with the � resonan
eas intermediate state is observed in agreement with the 
al
ulations of [14℄.The 
al
ulation is in reasonable agreement with the �0�0 distributions upto �750 MeV as 
an also be seen in the total 
ross se
tion. The 
omparisonto pure phase spa
e shows that the pions are indeed not strongly 
orrelated.Presumably, the sequential de
ays originate from the D13- and also the P11-resonan
e. A 
omparison with the �+�0n exit 
hannel is in
luded in Fig. 2.Here, the �0�+ mass distributions are shifted towards higher masses. Thisis 
onsidered �rst eviden
e for a 
ontribution of an intermediate �+-mesonto the 2� de
ay of the D13 resonan
e. In fa
t, a re
ent 
al
ulation [15℄in
luding this pro
ess des
ribes the �0�+ mass distribution as well as thetotal 
ross se
tion. The �-de
ay of the D13 resonan
e 
ould explain the de-pletion of the photoabsorption 
ross se
tion for nu
lear matter as observedin the se
ond resonan
e region be
ause of the strong broadening of the �-meson in the nu
lear medium and the asso
iated broadening of the baryonresonan
e [1�3℄.
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omparison of �0�0 and p�0 mass distributions to pure phase spa
e(dashed line) and model 
al
ulations [14℄; right: 
omparison of �0�0 and �0�+invariant mass distributions (dashed line: phase spa
e).4. The �0
 de
ay of the � resonan
ePhotons emitted from within the �+ resonan
e are investigated in therea
tion p(
; �0
)p with the aim of studying the ele
tromagneti
 propertiesof the �+ isobar. In parti
ular, the magneti
 moment ��+ is at presentnot known. The total 
ross se
tion for this pro
ess is predi
ted to be 17 nbfrom [16℄ and 5�10 nb from [17℄. The 
ontribution from bremsstrahlungalone is estimated to be of the order of 10 nb [18℄. The small 
ross se
tion
ombined with a noti
eable ba
kground from 2�0 produ
tion make this ex-periment a 
hallenge. However, the rea
tion 
hannel has been identi�ed in apilot experiment and a very preliminary 
ross se
tion of several nb has beenextra
ted [11℄. The present statisti
s do not allow a pre
ise determinationof the �+ magneti
 moment. It is planned to a
quire additional statisti
sin up
oming experiments during the 
urrent TAPS 
ampaign at MAMI.
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