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MESON PHOTOPRODUCTION WITH LINEARLYPOLARIZED 
-RAYS�P. Levi SandriOn behalf of the Graal CollaborationINFN Laboratori Nazionali di Fras
ati, Italy(Re
eived July 10, 2000)The Graal experiment has measured various photoprodu
tion pro
esseso� hydrogen in the nu
leon resonan
e region. The simultaneous measure-ment of 
ross se
tions and beam asymmetries in a wide energy and angularrange allows to extra
t with better pre
ision the properties of the nu
leonex
ited states. Results are presented for �, �0 and �+ photoprodu
tion,and the impa
t in our knowledge of the barion spe
trum is dis
ussed.PACS numbers: 25.20.Lj, 13.60.Le1. Introdu
tionVarious experiments are presently underway in order to obtain a morepre
ise and 
omplete knowledge of the baryon spe
trum. Most of this newgeneration of measurements make use of high intensity and high polarisationele
tron and photon beams 
oupled with large a

eptan
e dete
tors. Thereason for this huge experimental e�ort is in the still unsatisfa
tory knowl-edge of the nu
leon ex
ited states. Predi
ted states are not su�
iently wellestablished, and many properties of the observed states (e.g. 
oupling 
on-stants, bran
hing ratios, heli
ity amplitudes) are often poorly known. Theinformation 
ontained in the table of baryon resonan
es [1℄ 
omes almostentirely from partial-wave analyses of pion�nu
leon indu
ed rea
tions. It istherefore ne
essary to deepen the study of baryon resonan
es by exploitingthe features of the ele
tro-magneti
 probe (small 
oupling 
onstant, easypolarisability of beams) in order to improve our knowledge of resonan
eproperties.� 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.(2395)



2396 P. Levi SandriConsidering the simple 
ase of pseudo-s
alar meson photoprodu
tion:
 + p! PS + nu
leon (1)we 
an see that we have eight possible 
ombination of spin states. Thes
attering amplitude is thus des
ribed by eight matrix elements only fourof whi
h are independent, due to rotational invarian
e and parity 
onsider-ations.With these four 
omplex amplitudes, 16 bilinear produ
ts 
an be 
on-stru
ted, 
orresponding to 16 observables: the di�erential 
ross se
tion, threesingle polarisation observables and twelve double polarisation observables.To 
ompletely determine the s
attering amplitude, the 
ross se
tion, thethree single polarisation observables and four appropriately 
hosen doublepolarisation observables must be measured [2℄.These observables 
an be adequately expressed in terms of heli
ity am-plitudes. In that 
ase, the following relations hold [3�5℄:d�d
 � H21 +H22 +H23 +H24 ; (2)� � Re (H1H�4 �H2H�3 ) ; (3)T � Im (H1H�2 �H3H�4 ) ; (4)P � Re (H1H�3 �H2H�4 ) : (5)It is 
lear that the general stru
ture of the s
attering amplitude is 
ontainedin the di�erential 
ross se
tion but its details are more 
learly eviden
edin the study of polarisation observables, where the interferen
e among theheli
ity amplitudes 
an play a fundamental role in revealing more subtlee�e
ts [7℄.The ne
essary experimental tools to perform part of the ambitious pro-gram of a full determination of the transition amplitudes are a 
ompletelyand versatile polarised tagged photon beam, 
oupled with a large a

eptan
edete
tor. 2. The Graal beam and the Lagrange apparatusThe Graal fa
ility provides a polarised and tagged photon beam by theba
kward Compton s
attering of laser light on the high energy ele
trons
ir
ulating in the ESRF storage ring [6℄. Using the UV line (350 nm) ofan Ar-ion laser we have produ
ed a gamma-ray beam with an energy from550 to 1470 MeV. Its polarisation is 0.98 at the maximum photon energyand the energy resolution has been measured to be 16 MeV (FWHM). Usingthe green line of the same laser we have measured the beam polarisation



Meson Photoprodu
tion with Linearly Polarized 
-Rays 2397asymmetries and 
ross se
tions in the photoprodu
tion of � [8℄ �0 and �+ [9℄in the energy region 550�1470 MeV.The Lagrange dete
tor is formed by a 
entral part surrounding the targetand a forward part. Parti
les leaving the target at angles from 25Æ to 155Æare dete
ted by two 
ylindri
al wire 
hambers with 
athode readout, a barrelmade of 32 strips of plasti
 s
intillator parallel to the beam axis, used todetermine the �E=�x of 
harged parti
les, and the BGO rugby-ball madeof 480 
rystals of BGO s
intillator.The BGO ball is made of 
rystals of pyramidal shape with trapezoidalbasis whi
h are 21 radiation lengths long (24 
m). This 
alorimeter has anex
ellent energy resolution for photons [10℄, a good response to protons [11℄and is very stable in time due to a 
ontinuous monitoring and 
alibrationslow 
ontrol system [12℄.Parti
les moving at angles smaller than 25Æ en
ounter two plane wire
hambers, (xy and uv) two walls of plasti
 s
intillator bars 3 
m thin lo
atedat 3 m from the target point, that provide a measurement of the time-of-�ight for 
harged parti
les (700 ps FWHM resolution) followed by a showerwall made by a sandwi
h of four layers of lead and plasti
 s
intillators 4 
mthi
k that provides a full 
overage of the solid angle for photon dete
tion(with 95 per
ent e�
ien
y) and a 20 per
ent e�
ien
y for neutron dete
tion.Finally, two disks of plasti
 s
intillator separated by a disk of lead 
om-plete the solid angle 
overage in the ba
kward dire
tion.The beam intensity is 
ontinuously monitored by a �ux monitor, 
om-posed by three thin plasti
 s
intillators and by a lead/s
intillating �bre de-te
tor that measures energy and �ux [13℄.3. ResultsThe Graal experiment started data-taking in 1997 after six months ofbeam and apparatus 
ommissioning during 1996. Two hydrogen targetswere used, respe
tively three and six 
m long. During 1997 the laser greenline of 514 nm was used and a tagged photon beam, linearly polarised, wasobtained with average intensity of 2� 106 s�1 and energy between 550 and1100 MeV. In 1998 the laser UV line of 351 nm was used. The 
orrespond-ing ba
ks
attered beam had energy between 550 and 1470 MeV with typi
alintensity of 1 � 106 s�1. The trigger was provided by the 
oin
iden
e be-tween the tagging 
ounter and the dete
tor trigger. The latter was initiallyformed only by requesting the total energy 
olle
ted by the 
alorimeter tobe larger than 160 MeV. Later a 
harged parti
les multipli
ity trigger wasadded allowing forward events with small energy release in the 
alorimeterto be re
orded. The rate of the DAQ was typi
ally between 100 and 200 s�1.During data taking, the polarisation of the gamma-ray beam was rotated,



2398 P. Levi Sandriapproximately every twenty minutes, by rotating the laser beam polarisa-tion. Data were also 
olle
ted without laser to obtain the 
ontribution of thebremsstrahlung in the residual va
uum of the storage ring. The intensity ofthe bremsstrahlung beam was typi
ally two orders of magnitude lower, withrespe
t to the Compton beam.3.1. � photoprodu
tionSin
e the isospin of � is I=0, the (
; �) pro
ess o�ers the very attra
tiveopportunity to study N� resonan
es in a 
lean way, being insensitive to thepropagation, in the intermediate state, of I=3/2 resonan
es, strongly 
ou-pled, exempli gratia, to the pion photoprodu
tion 
hannel. For this reason,the � photoprodu
tion beam asymmetry and 
ross se
tion were the �rst ex-periments analysed at Graal. The publi
ation of the � beam asymmetryfor � photoprodu
tion [8℄ has stimulated a number of re�nements in theexisting theoreti
al approa
hes. Li and Saghai [14℄ investigate the pro
essof � photoprodu
tion within a quark model approa
h and �nd that signif-i
ant 
ontribution from D13(1520), F15(1680) and P13(1720) are requiredto reprodu
e the beam asymmetry data. Tiator and 
ollaborators [16℄ haveperformed a 
ombined analysis of � photoprodu
tion 
ross se
tion and asym-metry data. They have 
on�rmed the role ofD13(1520) and of F15(1680) andhave extra
ted their �N bran
hing ratios. Mukhopadhyay and Mathur [17℄have 
ombined 
ross se
tion [18℄ and single polarisation observables fromBonn (target asymmetry) [20℄ and from Graal, and by making use of ane�e
tive Lagrangian approa
h have extra
ted the ele
tro-strong parameters
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Fig. 1. Preliminary results on total 
ross se
tion for � photoprodu
tion on theproton (
lose 
ir
les) 
ompared with the existing Mainz data set (open 
ir
les).
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tion with Linearly Polarized 
-Rays 2399for the N�(1520) providing a 
riti
al test for many QCD inspired hadronmodels.In �gure 1 we show the preliminary results of the total � photoprodu
-tion 
ross se
tion. There is an ex
ellent agreement with the existing Mainzdata [18℄ and the data set is now extended up to 1.1 GeV 
overing the fullregion of the S11(1535) resonan
e. The relevan
e of these results is dis
ussedby Saghai and Li [19℄. The in
rease of the 
ross se
tion above 1 GeV 
annotbe reprodu
ed by their 
hiral 
onstituent quark approa
h.3.2. Pion photoprodu
tionPion photoprodu
tion (�0 and �+) is one of the most extensively studiedphotorea
tion and the main sour
e of information on the stru
ture of nu
le-ons and nu
lei. For this reason, a huge data base on di�erential 
ross se
tionalready exists but many of the measurements are not su�
iently a

urate.The importan
e of the Graal 
ontribution in this �eld lies in the ex
ellentstatisti
al and systemati
 error that is a
hieved and in the large energy andangular range 
overed by asymmetry measurements thus providing a new,
onsistent data base from 500 to 1500 MeV.
γ + p → p + π0     Asymetry versus Θcm
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2400 P. Levi SandriIn �gure 2 is shown a small sample of the 
olle
ted and analysed datafor � beam asymmetry in �0 photoprodu
tion. Data will soon be availablefrom 500 to 1500 MeV. The 
urve shown is from Ref. [7℄. We 
an see that the�ne details of the asymmetry are only qualitatively reprodu
ed: the smallstatisti
al error is a really strong 
onstraint for all models and analyses.In �gure 3 the ba
kward angles � beam asymmetry in �+ photoprodu
-tion data are shown together with the existing old data from Daresbury [23℄and SLAC [22℄. The 
urves shown are from the partial wave analysis of theVPI group [21℄ (full 
urve) and from a re
ently developed isobar model byDre
hsel and 
ollaborators [15℄(dashed 
urve).
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Meson Photoprodu
tion with Linearly Polarized 
-Rays 24014. Con
lusionsThe Graal experiment started data taking in 1997. It was run for oneyear with the green laser line giving rise to a photon beam of maximum en-ergy of 1100 MeV and for one year with UV multi-line and the 
orrespond-ing gamma-ray beam of 1470 MeV maximum energy. Asymmetry data and
ross se
tions have been produ
ed for �, �0 and �+ photoprodu
tion 
han-nels providing, for these rea
tions, the most extended and 
oherent database available until now. Beam asymmetries and 
ross se
tions for the pho-toprodu
tion of 2 �0, ! and �0 will soon be extra
ted from the data already
olle
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