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HELICITY STRUCTURE OF PIONPHOTOPRODUCTION AND THE GDH SUM RULE�H.-J. ArendsInstitut für Kernphysik, Universität MainzJ.-J. Beherweg 45, D-55099 Mainz, Germanyfor the GDH- and A2- Collaborations(Reeived June 8, 2000)First measurements of pion photoprodution using irularly polarizedphotons on longitudinally polarized protons were arried out at MAMI(Mainz) in the energy range E = 140�800 MeV. Preliminary results of theheliity dependene of the total inlusive photoabsorption ross setion inthe full energy range and of the partial reation hannels p ! p�0 andp ! n�+ in the � region are now available. These data provide newinput for multipole analyses and determine the main ontribution to theGerasimov�Drell�Hearn (GDH) integral and the forward spin polarizabil-ity 0.PACS numbers: 13.60.Le, 14.20.Gk, 25.20.Lj1. IntrodutionThe heliity dependent total ross setions for the absorption of realphotons on nuleons, �3=2 and �1=2, orresponding to parallel or antiparallelrelative spin on�gurations, respetively, are related to the anomalous mag-neti moment � of the nuleon via the Gerasimov�Drell�Hearn (GDH) sumrule [1℄: 1Zm� �3=2 � �1=2� d� = �e22M2�2 = 204�b : (1.1)This sum rule onnets the stati properties of the nuleon (M , e, �) withthe dynamis of the exitation spetrum from pion threshold to in�nity.� Presented at the Meson 2000, Sixth International Workshop on Prodution, Proper-ties and Interation of Mesons, Craow, Poland, May 19�23, 2000.(2625)



2626 H.-J. ArendsIn a similar way, the forward spin polarizability 0, a struture onstantof the nuleon still unmeasured, an be obtained as:0 = � 14�2 1Zm� �3=2 � �1=2�3 d�: (1.2)The GDH sum rule is based on very general physis priniples (low-energytheorems, optial theorem, unsubtrated dispersion relation) applied to theforward Compton sattering amplitude. Due to its fundamental haraterthis predition, formulated in the 1960's, deserves a veri�ation whih hasneeded tehnial developments that only reently have taken plae.Some estimates of the GDH sum rule have been made using multipoleanalyses of the existing single pion photoprodution data (mainly from un-polarized experiments) and a simple model for the ontribution of doublepion photoprodution proesses [2℄. These estimates were inompatible withthe GDH sum rule predition, giving signi�antly higher values for the pro-ton but muh lower ones for the neutron [2�6℄. However, the present lak ofdiret experimental data on the double polarization observables prevents todraw any de�nitive onlusions about any violation of the GDH sum rule.Apart from the GDH sum rule, another important motivation to studythe heliity struture of single and double pion photoprodution lies in thefat that it provides ompletely new and up to now inaessible informationon partial wave amplitudes. The inlusion of this new observable into mul-tipole analyses will allow to aess small resonane amplitudes and help toseparate them from the dominating ones and from the nonresonant bak-ground.The aim of the GDH ollaboration is to provide an extensive data set ofheliity dependent ross setions for all the partial reation hannels both onthe proton and on the neutron at the eletron aelerators MAMI (Mainz)(m� � E � 800 MeV) and ELSA (Bonn) (E � 3 GeV). In 1998 the datataking on the proton was ompleted in Mainz. In the following, preliminaryresults from this experiment will be presented and disussed.2. Experimental setupThe experiment was arried out at the tagged photon faility of MAMI.Cirularly polarized photons were produed by bremsstrahlung of longitu-dinally polarized eletrons. The soure of polarized eletrons, based on thephotoe�et on strained GaAs rystals, delivered routinely eletrons with adegree of polarization of about 75% or higher. The degree of polarization wasontinuously measured during the whole experiment by Møller sattering ina magnetized vau�ux foil. Both eletrons were deteted in oinidene in



Heliity Struture of Pion Photoprodution and the: : : 2627the tagging spetrometer. A dediated trigger ensured that the sum of theeletron energies mathed the beam energy.Polarized nuleons were available in the frozen spin target [7℄ that wasbuilt and operated by the groups of Bonn, Bohum and Nagoya. The sys-tem onsists of a horizontal dilution refrigerator and a superonduting po-larization magnet, whih was used in the polarization phase together witha mirowave system for dynamial nulear polarization (DNP). During themeasurement the polarization was maintained in the �frozen spin� mode attemperatures of about 50 mK by an internal superonduting oil (B' 0:4 T)whih is integrated into the dilution refrigerator. The target material wasbutanol (C4H9OH). At 2.5 T maximum polarization values lose to 90%were obtained for the protons with a typial relaxation time in the �frozenspin� mode of about 200 hours. The holding �eld was homogeneous enoughto allow for ontinuous NMR monitoring of the target polarization duringthe experiment.
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1 mFig. 1. Shemati side view of the experimental setup of the GDH experiment inMainz.The photon indued reation produts were registered by means of thelarge aeptane detetor DAPHNE [8℄, built by CEA Salay and INFN�Sezione di Pavia, whih was omplemented by forward detetors to inreasethe solid angle aeptane (see Fig. 1). DAPHNE is mainly a harged par-tile traking detetor with ylindrial symmetry. It onsists of 3 oaxialmulti-wire proportional hambers with athode readout, surrounded by 16segments of �E � E � �E plasti sintillator telesopes and by a doublesintillator-onverter sandwih whih allows the detetion of neutral pionswith a useful e�ieny. The silion mirostrip detetor MIDAS [9℄ oversthe angular range down to 7 degrees, the aerogel �erenkov ounter servesfor online suppression of eletrons and positrons, extreme forward anglesare overed by the annular ring detetor STAR [10℄ and a lead-sintillatorsandwih ounter.



2628 H.-J. Arends3. Data analysisCharged partiles stopped inside DAPHNE were identi�ed and their ki-neti energies determined by a maximum likelihood method using all energylosses in the DAPHNE sintillator layers.Prior to the main experiment, data for detetor alibration and for test-ing the analysis methods were taken with the same apparatus using anunpolarized pure liquid hydrogen target. The exellent agreement foundbetween the old and present data for the total unpolarized ross setionsfor p ! n�+ and for p ! p�0 proves that the detetor response is wellunder ontrol. These data are well desribed by both the phenomenologialmultipole analysis SAID [4℄ and the dispersion theoretial analysis HDT [12℄.As an example for the heliity dependent signal from the polarized bu-tanol target, Fig. 2 shows missing energy distributions for protons emittedat E < 400 MeV and deteted in DAPHNE, under the hypothesis thatthey originate from the �0 prodution on a free proton. Events from thefree proton an be seen as a lear peak at zero missing energy on a broadbakground oming from quasifree pion prodution and quasideuteron pro-esses from arbon and oxygen. Sine these nulei are not polarized, theorresponding ontributions are the same for both heliity states, and van-ish in the di�erene, as is learly demonstrated in the lower spetrum ofFig. 2.
helicity state 3/2

C
ou

nt
s 

(a
.u

.) helicity state 1/2

0
-100 -50 0 50 100 150 200

Emiss (MeV)

difference 3/2 - 1/2

Fig. 2. Missing energy spetra for protons deteted in DAPHNE assuming thereation p(; p)�0.



Heliity Struture of Pion Photoprodution and the: : : 26294. Preliminary results and disussion4.1. Single pion produtionThe total ross setion di�erene �3=2 � �1=2 was extrated for the p�0hannel from threshold up to 450 MeV and for n�+ from 200 MeV up to450 MeV [11℄.
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Fig. 3. Di�erene �3=2 � �1=2 for p! p�0 (left) and p! n�+ (right)These data (see Fig. 3) represent about 50% of the total available statis-tis taken with DAPHNE only, the analysis of the forward partiles detetedin MIDAS is still in progress. The relatively bigger statistial unertaintyassoiated to the p�0 hannel is due the low e�ieny for the detetion ofpure �0 events. The errors shown are statistial only, the systemati error isabout 6%. For ~~p! p�0 strong positive values are found in the full energyrange due to the dominant ontribution of the M1+ multipole. The di�er-ene for ~~p! n�+, however, learly starts out negative at low energies, dueto the E0+ multipole and turns positive at about 240 MeV. This behaviouris also seen in the multipole analyses. For p�0, the data are well desribedby SAID whereas HDT slightly overestimates them near the � peak. How-ever, there is a larger di�erene between SAID and HDT in the n�+ hannel,whih has its origin in the more omplex multipole omposition of this han-nel in ombination with the higher sensitivity of the heliity dependent rosssetions to small amplitudes due to interferene terms. HDT is in exellentagreement with our data below the peak of the � resonane while SAID isbetter above it.Fig. 4 shows the result of the Mainz Unitary Isobar Model (UIM) [13℄with the eletri quadrupole amplitude (E3=21+ =M3=21+ = 2:5%) swithed onand o�. This is a lear example for the sensitivity of the heliity di�ereneto small multipole amplitudes.
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Fig. 4. Di�erene �TT 0 = 1=2(�3=2 � �1=2) for p ! p�0 from UIM withE1+=M1+=0 and �2:5%, see text.4.2. Double pion produtionFor the three double pion prodution hannels there are very preliminaryresults in the DAPHNE aeptane available, the analysis is going on. Onthe theoretial side, no o�ial results for heliity dependent ross setionsexist yet, but the work in progress by the Valenia [14℄ and Mainz/Gent[15℄ groups are very enouraging.4.3. Total ross setionUsing an inlusive analysis method, based on the detetion of hargedhadrons (p, ��) and neutral pions, the heliity di�erene of the total pho-toabsorption ross setions �3=2 � �1=2 from 200 to 800 MeV has been de-termined, see Fig. 5.This di�erene starts out negative due to the En�+0+ multipole and has, asexpeted, a strong positive ontribution due to the M1+ multipole. Abovethe � resonane peak a sizeable ontribution of the double pion photopro-dution proesses an learly be seen. The urves shown for omparison arefrom SAID [4℄ (solution SM99K) and from HDT [12℄ whih both inlude thesingle pion prodution proesses only.Although the data available up to now are still preliminary, we an usethem to determine the ontribution to the integrals of Eqs. (1.1) and (1.2).The integration of our data from 200 to 800 MeV yields (228� 6)�b anddetermines the dominant ontribution to the GDH integral, see Fig. 6.The missing low energy ontribution below 200 MeV aording to HDTis �27�b, the high energy ontribution above 800 MeV given by single pionphotoprodution aording to SAID is 25�b.
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Fig. 5. Di�erene of heliity dependent total ross setions �3=2��1=2 on the protonompared to model preditions.
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Fig. 6. GDH integral starting at 200 MeV as a funtion of the upper integrationlimit.The integration of our data aording to eq. 1.2 in the energy range from200 to 800 MeV yields (�1:68 � :07) � 10�4 fm4. Due to the strong energyweighting (/ ��3) the high energy single pion and double pion proessesare expeted to ontribute very little to the spin polarizability. HDT yields1:0 � 10�4 fm4 for the missing ontribution below 200 MeV resulting in apreliminary value for 0 of about (�:7� :07)�10�4 fm4. This value is signif-iantly smaller than the values extrated from SAID [3℄ (�1:34� 10�4 fm4)
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