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The small electric quadrupolg2 amplitude of the predominantly magnetic dipadlel p — A(1232)
transition has been measured using 270 to 420 MeV tagged linearly polarized photong (i them°
reaction at the Mainz Microtron MAMI. Differential cross sections and photon asymmetries were
determined by measuring the recoil proton in the cylindrically symmétricddetector DAPHNE. From
the proton angular distributions the rati2/M1 = —(2.5 = 0.2 = 0.2)% at the maximum of the
A(1232) resonance has been derived. [S0031-9007(96)02224-7]

PACS numbers: 13.60.Le, 13.60.Rj, 14.20.Gk, 25.20.Lj

The concept of “color magnetic forces,” introduced byvalues for the first two models have to be taken with some
de Rujula, Georgi, and Glashow [1] in 1975, implies thecaution because they consider the bare “delta resonance
existence of contact and tensor forces due to the colazontribution” only.
hyperfine interaction between quarks. One consequence Multipole analyses [12-14] of th&/(y, 7) reactions
of these forces is the admixture of higher orbital angulaiconstitute a first step in the extraction of the resonant
momentum components in thestate quark wave func- E?? amplitude from the experimental cross sections. The
tions of the nucleon ground state and the dominant firsgetermination of the resonarﬁﬁ(2 amplitude is difficult
excited state, thé (1232) resonance. The lowest angular pbecause 9f two reasons. First, the electric quadrupole am-
momentum allowed is d-state admixture. This leads to pIitudeE?f is very small compared to the dominant mag-
modifications to the predictions of nucleon models suchetic dipoIeM13+2. Here it helps the measurements of
as the isobaric mass splitting, nucleon andlecay prob- polarization observables, since they contain an interference
abilities, and the electric form factor of the neutron. AE,. M, term 2[15,16]. Second, the nonresonant contribu-
d-state admixture also allows for an electric quadrupolgjon to the£;’” is large, which requires theoretical consid-
E2 transition in they + N — A(1232) excitation, which  erations as discussed at the end of this Letter [17,18].
otherwise is a pure magnetic dipatél. In a visual way Until recently the medium energy electron acceler-
the d-state admixture can be interpreted as a “deformaators were pulsed and the photon or electron fluxes
tion” of the nucleon or theA(1232) resonance or both. ysable were limited for coincidence experiments. Conse-
TheM 1 andE?2 transitions can be directly excited by pho- guently, the precision of previoug:y measurements was
tons and the subsequent pion decay can be observed. THgt sufficiently good to allow detailed tests of nucleon

amplitudes in thex N final state are usually denoted by models. For example, in the Review of Particle Prop-
Ej- andM;-, whereE and M are the electric and mag- erties [19] four valueRgy = —(1.1 = 0.4)%, —(1.5 =

netic multipoles/ is the orbital angular momentum of the ( 2)q,, +(3.7 + 04)%, and —(1.3 + 0.5)% are given.

photoproduced pion, the: sign refers to the totat N an-  Recently cw beams became available and new deter-

gular momentuny = [ * 3, and/ is the isospin of the minations of theRpy ratio were performed. At the
7N system. The ratiRgy = E2/M1 = Ef(z/Mffz is LEGS facility at Brookhaven National Laboratory the re-
therefore related to the tensor components in the effectivaction p(y, p)7° was investigated [20,21]. However, in
quark-quark interaction. this work the reaction could only be studied below the
In the old MIT bag model the ratidRgy is simply  peak of theA(1232) resonance because the photon en-
equal to 0, while the nonrelativistic constituent quarkergy was limited toE, = 335 MeV. The measured ra-
model predicts a rather small negative value fy  tio doy/do,, wheredo)/dQ anddo, /dQ) are the dif-
with typical results ranging between0.08% and —2%  ferential cross sections for the photon polarization par-
[2-5]. For the “relativized” quark models [6,7] values of allel and perpendicular to the reaction plane, was com-
the order of—0.1% are obtained. Larger negative valuespared to model calculations of Refs. [22] and [15]. Since
in the range—2.5% to —5.9% have been predicted by the neither model could describe the energy dependence and
Skyrme model [8,9] while cloudy bag model values rangethe absolute value fodo/do ., no value forRgy was
from —2.0% to —3.0% [10,11]. However, the theoretical extracted although it was argued ttRaty; should be more

606 0031-900797/78(4)/606(4)$10.00 © 1997 The American Physical Society



VOLUME 78, NUMBER 4 PHYSICAL REVIEW LETTERS 27 ANUARY 1997

negative than—1.4% (E;+ — 2E;+) [23]. A measure- criminated between protons and other charged particles
ment of thep (e, ¢/7°)p reaction at ELSA [24] gave the (7",e ,e’). A detailed discussion of the range method
surprisingly large negative value ¢f12.7 = 1.5)% for  used to identify protons and to determine their energy
the ratioRcy, = C2/M1, where C2 refers to the Coulomb has been given previously [33]. Its most important fea-
amplitude due to charge transitions in contrast to EZure is the simultaneous use of all of the measured energy
which relates to the current transition. losses in the scintillator layers of DAPHNE. In this pro-

The p(y, p)7° measurement reported in this Letter cedure less thai% of pions were misidentified as protons
was performed with tagged linearly polarized photonsand the resolution of the measured proton momentum was
produced at the 855 MeV Mainz Microtron MAMI [25]. 3% at 300 MeV/c. Low energy particles which stop in
Using the cylindrically symmetric DAPHNE detector the first scintillator were identified by using a standard
[26], recoil protons from the(y, p)7° reaction and the AE — E technique for which the wire chambers provide
positive pions from the(y, =" )n reaction were detected the AE signal and the scintillators provide tii#signal.
allowing the differential cross sectiotho/d{) and the The photon asymmetrg, is given by the following
photon asymmetry>, to be measured simultaneously expression:
for the p7° and nw* channels, from whichdo/dQ do, — doy
and do, /dQ) can be derived directly. do/dQ is = dor ¥ do @
particularly sensitive to theRpy ratio because of the i 7L
interference termE;-M;+. The photon energy region Which is connected to the differential cross section by
covered in this experiment was from 270 to 420 MeV,
which spans the completA(1232) resonance. In this dac%d)) = d(;éﬁ)[l — X cok2¢)], (2)
Letter we present the results for tper® channel [27].

The experiment used the G|asgow tagged photon Spe&\lhereﬂ andd) are the polar and azimuthal angles of the
trometer at MAMI [28,29]. Linearly polarized photons Pion with respect to the beam direction. DAPHNE has
were produced by coherent bremsstramung OGN um full 27 azimuthal coverage a”OWing a direct measure-
thick diamond crystal [30,31]. The tagger covers thement of the coQ¢) dependence of the differential cross
photon energy range from 50 to 800 MeV with a res-Section which gives a simultaneous determination of the
olution of about 2 MeV at intensities of up t6 x  Photon asymmetry%, and the unpolarized cross section
105 photons §1 Mev_l_ The photon beam was colli- dO’()/dQ The statistical errors |d0’0/dQ are of the or-
mated to produce a 10 mm beam spot at the liquid hyder of 1%. Figure 1 shows the cross sectiafie,/d(?,
drogen target. The tagging efficiency was determined/o/d€}, anddo /dQ. At 300 MeV the new MAMI
in separate measurements with a Pb-glass detector to B@ta are compared in Fig. 1 to the published LEGS data
e, = 55%. The stability of the photon intensity was con- [20]. One also sees that the new data for the unpolarized
tinuously monitored throughout the experiment using arfross sectior/ay/d() agree well with the existing Bonn
electron-positron-pair detector downstream of DAPHNE.data [34] and with new results from a measurement with
In this way the photon intensity could be determined withthe 7° spectrometer TAPS at MAMI [35].

a precision of+2% [32]. The liquid hydrogen cryogenic ~ The differential cross sections can be expressed in
target was contained in a 43 mm diameter, 275 mm longerms of thes- and p-wave multipole amplitudes, as-
Mylar cylinder with a wall thickness of 0.1 mm. The tar- sSuming that the neutral pions are produced with angular
get density was stabilized and known to an accuracy oftfomentum zero and one. Because of parity and angu-
+(.5% by means of an automatic pressure and temperdar momentum conservation onBp-, £+, M-, andM;+

ture control system. The protons from they, p)7°  contribute. The multipoles can be combined into the co-
reaction were detected in the large acceptance deteéfficientsA;, B;, andC; in the following parametrization
tor DAPHNE (21° = 6 = 159°,0° = ¢ = 360°). Good for thew? angular distributions:

definition of charged particle tracks is provided with this  do;(6) q

detector by a central vertex detector which consists of 3 ;g —  [Aj T Bjcodd) + C; cos(9)], @)

coaxial cylindrical multiwire proportional chambers pro-
viding a polar angular resolution @6 = 1° FWHM and whereg andk denote the center of mass momentum (cm)

an azimuthal resolutiol ¢ = 2° FWHM. This vertex ©f the pion and the photon, respectively, ahéhdicates

detector is surrounded by a segmentel — E — AE the parallel (), perpendicular (), and unpolarized()

plastic scintillator telescope with successive thicknesse%omponems' The coefficients, B;, andC; are quadratic
unctions of thes- and p-wave amplitudes. In particular,

of 10, 100, and 5 mm. The outermost layer is a lead- . = i X
aluminium-scintillator sandwich designed to enhance th&?1/d{} is very sensitive to thé&, . amplitude since

¢ detection efficiency and to provide additional energy A = |Ep-1* + BEy+ + My — M- %, 4
loss measurements of charged particles. _ _ .

In the first step of the analysis events with only Bj = 2ReEy:GEy+ + My = My )], (5)
one charged particle were selected. The next step dis- Cy = 12RdE+(My+ — M;-)"]. (6)
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FIG. 1. Differential cross sections for the new MAMI data 'SOSPIN/ = 3/2. Th‘? systematic error di.2% absolutq
[27], doo/d€Q (full circle), paralleldo/d € (open square), and comes from the limited angular efficiency for detecting
perpendicular parto, /dQ) (open circle) for thep(y,p)m®  the recoil proton with DAPHNE and from ignoring
;ggﬁlttignf'ro rﬁ\t nyst 3[2(())]'\/;% gée dagasoal(/?e &Otfgliﬁ;e?eéﬂlttshe isospin %2 contributions. Furthermore, at the resonance
from Bonn [34] and TAPS [35].7The solid lines are fit results peak contributions from partial .WanSE 2 are zero,
from the parametrization of Eq. (3). and thes- and p-wave assumption holds exaqtly _[36].
Below and above the\(1232) resonance contributions
from [ = 2, which arise from interference terms with the

The coefficients4;, B;, andC;, determined from a least real part of theM;. amplitude (e.g., R&f,:Rek, ), are
squares fit of Eq. (3) to the pion cm differential cross©f the order ofl0%.

sections, are shown in Fig. 2 as a function of the tagged 'N€ present resultRey = —(2.5 = 02)%, at the

photon energy. Furthermore, the ratio maximum of the A(1232) resonance is more than 4

" . times the values from Berendst al.[13], Rgm =

g REEM) 1 G RAE:Mi- = Mi)'] _ (g6 + 05)%, and Pfeilet al.[12], Ry = —(03 =
|My+ 2 12 Ay My — M- |2 0.3)%, which are the standard multipole data sets for the

(7)  determination of the£2/M 1 ratio. However, before the
obtained for the sixteen photon energies frém= 270  N€WRgu value can be compared to predictions of differ-
to 420 MeV is also shown in Fig. 2. Up to 350 MeV €nt nucleon models, the meaning of the/M1 ratio in
the ratio /124 is constant—2.5%, whereas above these model;?as to b3e/2clar|f|ed. The resonant is@sf3in
350 MeV some energy dependence is seen. The anamplitudesE;’” andM;:" normally calculated in models
plitudes in Eq. (7) relate to the(y, p)7° channel, but are not the physically observed ones. The measured ratio
in order to get thel = 3/2 and I = 1/2 isospin de- Rgm contains nonresonant background amplitudes beside
composition over the whole energy range, data from théhe resonant ones and, therefore, a direct comparison to
p(y,7*)n reaction are also required. However, at themodels may be meaningless. There are various methods
maximum of theA(1232) resonance K, = 340 MeV)  of extracting the pure resonant components of &

the ratio is simply given by and M;/*-amplitudes which are discussed in more detail

o ImE - CmE? . in Refs. [15,16].
T ImM,- — ImM,- imasr’? — TEM Recently, the “speed plot technique,” a standard pro-
N N ! cedure to extract the resonance properties in e
=(=25+02£02)%, (8) multipole analysis [37], was applied to the new photo

since at this point the real part of B¢;+ — M,-) is zero  production data of this experiment [38]. The
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