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STATIC MAGNETIC MOMENT OF THE �(1232)�M. Kotullafor the TAPS and A2 CollaborationsII. Physikalis
hes Institut Universitaet GiessenHeinri
h-Bu�-Ring 16, 35392 Giessen, Germany(Re
eived February 11, 2002)The rea
tion 
 p! �0
 0 p has been measured with the TAPS 
alorime-ter at the Mainz mi
rotron fa
ility. This rea
tion 
hannel provides a

essto the stati
 magneti
 moment of the �+(1232) resonan
e. Preliminaryenergy di�erential 
ross se
tions are presented and 
ompared to re
ent 
al-
ulations of the 
 p! �0
 0 p rea
tion.PACS numbers: 13.40.Em, 14.20.Gk, 25.20.Lj1. Introdu
tionThe stati
 properties of baryons like magneti
 moments or polarizabili-ties 
arry valuable information about the baryoni
 stru
ture. In parti
ular,they provide an important testing ground for QCD based 
al
ulations in the
on�nement region. It is generally assumed that the �+(1232) resonan
ehas a similar quark stru
ture as the proton, ex
ept that the spins 
ouple toJ = 3=2 instead of J = 1=2 as for the proton.However, due to its short lifetime it is experimentally very di�
ult toinvestigate the internal stru
ture of the � resonan
e. In general very littleexperimental information is available outside the ground state SU(3) o
tet.Table I shows predi
tions of di�erent 
al
ulations for �� in 
omparison tothe experimental status.Kondratyuk and Ponomarev [7℄ proposed a method to investigate thestati
 ele
tromagneti
 stru
ture of the � isobar. Figure 1 shows an energylevel diagram with the proton (nu
leon) as the ground state and the � asthe �rst ex
ited state. The � stru
ture 
an be probed by ex
iting the protonwith a photon to a �, whi
h subsequently emits a real photon followed bythe de
ay into a nu
leon and a pion. Spin and parity 
onservation requiresthat the lowest order ele
tromagneti
 transition is magneti
 dipole (M1)� Presented at the VI TAPS Workshop, Krzy»e, Poland, September 9�13, 2001.(957)



958 M. Kotulla TABLE IPredi
tions of di�erent quark models for �� in 
omparison to the experimentalstatus (PDG2000). ��++=�N ��+=�N ��0=�N ���=�NPDG2000 [1℄ 3.7�7.5 � � �SU(3): �� = Q� �p 5.58 2.79 0 �2.79RQM [2℄ 4.76 2.38 0 �2.38latti
e QCD [3℄ 4.9�0.6 2.5�0.3 0 �2.5�0.3�PT [4℄ 4.0�0.4 2.1�0.2 �0.17�0.04 �2.25�0.25�QSM [5℄ 4.73 2.19 �0.35 �2.90LCQSR [6℄ 4.4�0.8 2.2�0.4 0.0 �2.2�0.4radiation. This �! �
0 amplitude is proportional to ��+ and was re
entlyinvestigated in [8,9℄. The next allowed multipole is the higher order ele
tri
quadrupole (E2) transition, but this 
ontribution is generally assumed to besmall [18℄.Therefore, the measurement of the rea
tion 
 p! �0
 0 p provides a

essto ��+. Unfortunately, the �nal state �0
 0 p 
an result from several rea
tionpro
esses (
ompare �gure 2). The advantage of the rea
tion 
 p ! �0
 0 p

Fig. 1. Method to study the stati
 ele
tromagneti
 properties of the �+(1232)isobar. The 
0 transition 
arries the desired information.
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Fig. 2. Left: diagram with an amplitude sensitive to ��+ . Middle: a �-resonantbremsstrahlung diagram and (right hand side) a Born diagram as an example forother possible pro
esses whi
h also lead to the �0
 0 p �nal state.is that there are only heavy parti
les, � and proton, 
ontributing to thebremsstrahlung radiation. Consequently the bremsstrahlung 
ontributionsare of the same order as the interesting �! �
0 transition. In addition thedominan
e of the resonant rea
tion pro
ess of the rea
tion 
 p! �0 p leadsto the assumption that the ba
kground Born 
ontributions are playing aminor role whi
h makes the extra
tion of ��+ easier. The rea
tion 
hannel
 p ! �+
 0 n is in that sense less favorable for extra
ting the magneti
moment of the �+ isobar. In summary, a 
onsistent theoreti
al des
riptionof all 
ontributing pro
esses is 
ru
ial for extra
ting ��+ .The magneti
 moment of the �++ isobar was extra
ted in a similar wayfrom the rea
tion �+ p ! �+
0 p. Two measurements at the University ofCalifornia (UCLA) [11℄ and S
hweizeris
hes Institut für Nuklearfors
hung(SIN, todays name PSI) [12℄ have been performed and as a result of manytheoreti
al analyses of these data the Parti
le Data Group [1℄ quotes a rangeof 3.7�7.5 �N for ��++.2. Experimental setup and analysis methodsThe rea
tion 
 p ! �0
 0 p was measured at the ele
tron a

eleratorMainz Mi
rotron (MAMI) [13,14℄ using the Glasgow tagged photon fa
ility[15℄ and the photon spe
trometer TAPS [16℄. A quasi mono
hromati
 photonbeam was produ
ed via bremsstrahlung tagging. The photon energy range
overed was 205�820 MeV with an average energy resolution of 2 MeV. TheTAPS dete
tor 
onsisted of six blo
ks ea
h with 62 hexagonally shaped BaF2
rystals arranged in an 8�8 matrix and a forward wall with 138 BaF2 
rystalsarranged in a 11�14 re
tangle. The six blo
ks were lo
ated in a horizontalplane around the target at angles of �54Æ, �103Æ and �153Æ with respe
tto the beam axis. Their distan
e to the target was 55 
m and the distan
eof the forward wall was 60 
m. This setup 
overed � 38% of the full solidangle. All BaF2 modules were equipped with 5 mm thi
k plasti
 dete
torsfor the identi�
ation of 
harged parti
les. The liquid hydrogen target was10 
m long with a diameter of 3 
m.



960 M. KotullaThe rea
tion was ex
lusively measured, i.e. the four-momenta of all par-ti
les in the �nal state were measured. The �0 mesons were dete
ted viatheir two photon de
ay 
hannel and identi�ed in a standard invariant massanalysis using the measured photon energies and angles as input. For thedata shown in the talk, the two �0 de
ay photons and the third photon in the�nal state were distinguished by using the �0 invariant mass as a sele
tion
riterion. The two photons with an invariant mass 
losest to the �0 masswere assigned to be the de
ay photons. The protons were identi�ed usingthe ex
ellent time resolution of the TAPS dete
tor. The 
hara
teristi
 timeof �ight dependen
e on the energy of the proton and a pulse shape analysiswere su�
ient to obtain a very 
lean proton signal.Exploiting the kinemati
 overdetermination of the rea
tion, further kine-mati
 
he
ks were performed. Spe
ial attention had to be paid to the 2�0produ
tion as a possible ba
kground 
hannel. This arises from the limited
overage of the full solid angle sin
e one of the four 2�0 de
ay photons mighthave es
aped undete
ted. In a �rst step, the 
onservation of the total mo-mentum in the three Cartesian dire
tions was 
he
ked, respe
tively. Afterthat a missing mass analysis was performed to dis
riminate a possible 2�0
ontamination. The following missing mass was 
al
ulated:M2miss = ((E�0 +Ep)� (Ebeam +mp))2 � ((~p�0 + ~pp)� (~pbeam))2 ; (1)
.... ....

Fig. 3. Left: missing energy of the �0 p in the �nal state. The peak near 0.02 GeV2originated from 2�0 produ
tion and was 
ut away. For the peak at 0 GeV2 theenergy balan
e of the rea
tion was 
he
ked (right hand side). Right: energy balan
efor the rea
tion 
 p! �0
 0 p. The dashed and dotted lines show the 
orrespondingsimulated line-shapes using GEANT3.
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 Moment of the �(1232) 961where E�0 ; ~p�0 ; Ep; ~pp denotes the energy and momenta of the �0 and protonin the �nal state andmp the proton mass. The resulting distribution (�gure 3left hand side) allowed an e�
ient dis
rimination of the 2�0 ba
kground.A Monte Carlo simulation using GEANT3 [17℄ of the 2�0 and �0
0 rea
tionsreprodu
ed the line-shape of the measured data. As the �nal kinemati
 
he
kthe energy balan
e was 
al
ulated to test energy 
onservationEbal = (Ebeam +mp)� (E�0 +Ep +E
0) : (2)The notation is the same as in Eq. (1). Figure 3 right hand side shows theresulting 
lean identi�
ation of the 
 p! �0
 0 p rea
tion 
hannel.The 
ross se
tion 
an be dedu
ed from the rate of the �0
0p events di-vided by the number of hydrogen atoms per 
m2, the photon beam �ux,the bran
hing ratio of �0 into two photons and the dete
tor and analysise�
ien
y. The dete
tor a

eptan
e and analysis e�
ien
y were 
al
ulatedperforming a Monte Carlo simulation using the GEANT3 
ode. For thispurpose �gure 4 shows the 
omparison between the energy distribution ofthe photon 
0 and the �0 meson. The phase-spa
e assumption is in 
lear 
on-tradi
tion to the data, whereas the 
al
ulation [18℄ shows a ni
e agreementof spe
tral form. Therefore, the e�
ien
y is 
al
ulated using the 
al
ula-tion [18℄ to simulate the parti
les in the �nal state.

Fig. 4. Comparison of the E
0 (left-hand side) and the E�0 (right-hand side).Energies between the data (points) and two GEANT3 simulations in the lab frame.The dashed dotted line shows pure phase-spa
e and the solid line distributionsa

ording to the 
al
ulation [18℄.



962 M. Kotulla3. Preliminary results and 
on
lusionThe measured di�erential 
ross se
tions for the rea
tion 
 p ! �0
 0 pare shown in �gure 5 for two di�erent in
ident photon beam energies. Sin
ethe data analysis is not �nished yet, only preliminary 
ross se
tions arepresented.
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ross se
tion for two in
ident photon beamenergies. The solid line shows the Dre
hsel, Vanderhaeghen 
al
ulation [18℄ whi
hin
ludes the bremsstrahlung diagrams (� resonant and non-resonant Born terms).The 
al
ulation is shown for a value of ��+ = 3�N .The �rst series of 
al
ulations, only in
luding the resonant � ! �
0pro
ess, were done by Ma
havariani, Faessler, Bu
hmann [8℄ and Dre
hsel,Vanderhaeghen et al. [9℄. Both groups use the e�e
tive Lagrangian formal-ism and the latter one in addition a quark model approa
h to des
ribe therea
tion. Sin
e these 
al
ulations are in
omplete, they 
annot reprodu
e themeasured 
ross se
tions.Re
ently Dre
hsel and Vanderhaeghen [18℄ extended their 
al
ulationand in
luded bremsstrahlung diagrams (resonant � and non-resonant Borndiagrams) as exemplarily indi
ated in �gure 2. This 
al
ulation is shownin 
omparison to the preliminary data and a favorable agreement 
an bestated.In 
on
lusion, the possibility of measuring the rea
tion 
 p ! �0
 0 phas been demonstrated. Further investigations have to be made in orderto explore the a

ura
y of the �+ magneti
 moment that 
an be extra
tedfrom the present data set.
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urrent studies 
all for a dedi
ated experiment usinga 4� dete
tor with a high luminosity photon beam in order to measure therea
tion 
 p ! �0
 0 p with high statisti
al pre
ision. Spe
ial kinemati
alregions for the 
ross se
tion d�=(dE
 d

 d
�) promise a higher sensitivityto ��+ [18℄. The same holds for measuring the photon asymmetry usinga linearly polarized photon beam. Su
h an experiment is being prepared forthe Crystal Ball dete
tor at the Mainz Mi
rotron a

elerator fa
ility [19℄.It is a pleasure to a
knowledge inspiring dis
ussions with M. Vander-haeghen, D. Dre
hsel, A. Ma
havariani and A. Faessler. I would like tothank the a

elerator group of MAMI as well as many other s
ientists andte
hni
ians of the Institut für Kernphysik at the University of Mainz forthe outstanding support. This work is supported by DFG S
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