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At the tagged photon facility PHOENICS at the Bonn accelerator ELSA a measurement of the target
asymmetry of the reactiopp — pn from threshold to 1150 MeV has been performed. Simultaneously
the reactionyp — p#° has been measured in the first resonance region. Results are presented for both
reactions. The target asymmetry data are suited to put considerable constraints on the model parameters
used for the theoretical description of meson photoproduction. [S0031-9007(98)06654-X]

PACS numbers: 25.20.Lj, 13.60.Le, 14.20.Gk, 24.70.+s

Meson production from nucleons is a major tool for thesections on the proton, neutron, deuteron, and nitrogen
investigation of nucleon resonances. The technical devebver a wide kinematic range [4,5]. In this framework the
opment of tagged photon beams at high duty cycle acceleactionyp — pn has been investigated using a polarized
erators has initiated a series of high precision experimentsroton target.
dedicated to the study of meson photoproduction. Alot of The electron beam extracted from ELSA was used
data have been obtained for the production of pions, antb produce a photon beam by bremsstrahlung at a thin
theoretical models have been developed which describe thradiator. The tagging system in the PHOENICS area
data by resonance excitation and Born terms. The applicg6] determined the energy and flux of the photons in
tion of these models to another meson provides a good teite energy ranget, = 250-1150 MeV. The energy
of the assumptions and the predictive power. Moreover, gsolution ranges fromry, = 2.4 to 4.4 MeV. The flux
model which covers different meson production channel®f photons impinging on the target was determined by
leads to a consistent picture of meson nucleon dynamicsadditional measurements with a total absorbing lead glass

In the case ofp photoproduction some special aspectsdetector positioned in the primary photon beam. The
occur. The eta has isospin= 0 and, accordingly, only difference between the number of tagged electrons and the
I = 1/2 nucleon resonanceg* can be excited. Further, number of photons arises from nonbremsstrahlung events
a resonance state has several decay channels with differettthe tagging target and collimation of the photon beam.
decay probabilities. This offers the possibility that a The Bonn frozen spin target provided polarized protons
resonance state is almost hidden in pion production whilsvith a maximum polarization of 85% achieved by means
it is rather prominent in eta photoproduction, as is the casef dynamic nuclear polarization [7]. During data acqui-
for the S1;(1535) [1]. The dominance of thé§;;(1535) in sition these polarization values were maintained with the
the reactionyN — nN has been seen in the total and in low field (0.35 T) of a superconducting coil located inside
the differential cross section in the threshold region [2].the refrigerator [8]. This new concept was introduced to
Consequently, the eta channel is well suited for the precismeet the requirements of the detector arrangement and to
determination of th&;;(1535) resonance parameters. The minimize the influence on low energy particles. Butanol
contribution of weakly excited resonances to the cros$C,HoOH) was chosen as target material because of its
section is only small and is hard to disentangle [3]. Oneeasonable fraction of polarizable protons compared to the
example is the resonand3(1520) which might be the completely nonpolarizable background nudigiO).
source of an observed small anisotropy of the — np In order to reduce systematic errors the direction of
cross section [1]. Here, polarization observables offer athe target spins was inverted every two days. The po-
enhanced sensitivity because they contain bilinear productarization was measured at the beginning and end of each
of partial waves, respectively, of multipoles. For thedata acquisition cycle and was monitored in between by
D153(1520), an observable such as the target asymmetnithe target temperature which determines the exponential
which contains an interference of the strahg(1535) with  decrease of the polarization. The measurement followed
the weakD13(1520), is very advantageous. the standard nuclear magnetic resonance technique. The

The experiment presented here is part of the extendeabsolute values were calibrated by the so-called thermal
program ofn photoproduction that has been carried outequilibrium method. The relative polarization errors re-
at the PHOENICS facility at the Bonn accelerator ELSA.sulting from this calibration and small cusps of the target
It included measurements of differential and total crosgdemperature vary between 2% and 4%.
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The reaction was identified by detecting tlgedecay and angle resolution as well as smearing effects due to
photons in the neutral meson spectrometer SEBS  energy loss and multiple scattering. These effects were
while the recoil protons’ four momentum was determinedinvestigated with the help of a Monte Carlo simulation
with the large angle detector PHOENICS (see Fig. 1). of the complete experimental setup based ondbBenT3

The SPEZJ 27 detector [9] consists of an arrangementcode. Background events were removed by means of a
of eight lead glass bars (8 cm thick) that directly surrounckinematic fit as a first step followed by the subtraction of
the target in a cylindrical geometry. Each detector covihe carbon data. This procedure is outlined in more detail
ers an angular range 80° in the horizontal andt70°  below.
in the vertical plane and is equipped with photomultiplier Depending on the primary photon energy, eithet
tubes at both ends. Impinging photons convert into elecproduction (for£, < 700 MeV) or n production was as-
tromagnetic showers which are detected via the producesimed as the nominal process for the fit. For the back-
Cerenkov light. In order to suppress charged particleground elimination we did not refer to the’ distribution
originating from background processes a plastic scintillaitself but to the equivalent probability distributid®(y?).
tor is positioned in front of each lead glass module. TheAccording to its definitionP(¥?) = /. x2(x,n)dx, the
trigger condition of the detector required the simultaneouprobability distribution leads to a )f(lat distribution for
detection of two photons on either side of the detector‘good” events following the supposeg? distribution.
This is mainly a kinematic selection favoring tlyedecay This method simplifies the separation of background
into two photons. At the same time the acceptance foevents because those lead to a deviation from the flat
pion photoproduction products is strongly reduced withdistribution at low probability values. Their contribution
the exception of thé\-resonance region, where the detec-could, consequently, be removed by a cuPéy?) = 0.2
tion probability reaches moderate values. The acceptandeee Fig. 2). This value presented a compromise between
leakage in the forward direction=30° in the horizon- good background suppression and small statistical errors.
tal plane) was exploited to detect the recoil protons withWe checked the method by varying the cutoff value of
the PHOENICS scintillation counters [traditionally called the probability distribution. In this procedure only small
proton (PC) and neutron counters (NC)] [10]. Their po-variations of the results occurred that were fully compati-
sition with respect to the target was optimized to haveble with the statistical uncertainty.
similar acceptance and a good time-of-flight resolution in The background arises mainly from processes off bound
spite of different dimensions. nucleons inside the target and the surrounding materials.

The complete four momentum of the recoil proton We performed additional measurements with a carbon tar-
was determined by measuring its time of flight andget in order to determine these contributions. The carbon
its impact position on the detector. The combineddata were analyzed in an identical way and, after being
information of deposited energy and time of flight normalized to the luminosity, they were used to determine
allowed particle identification which was used to separatehe dilution factor (see below). The yield of protons ful-
obvious background events with deuterons and electrorfilling the kinematic cut was then extracted from missing
in the final state. Furthermore, @ minimization based mass spectra. Figure 3 shows the missing mass distribu-
on the codemiNuIT (CERN) was performed to reject tion obtained with the butanol and the carbon target before
the remaining background. Assuming a free proton inand after the kinematic cut. The right figure represents the
the initial and final state, the reaction is kinematicallyrelevant signal to determine the target asymmetry.
overdetermined. We used the measured quantities of
the proton and their experimental errors for this kine-

matic fit. The errors included the experimental time 3000 F+—77—+—/—7""7T+——"—7T+——+7—
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FIG. 2. Probability distribution of the reactioyp — pn.
scintillation detector (NC) Events of the nominal process have a flat distribution while
background events lead to a rise at small values. The vertical
FIG. 1. Top view of the experimental setup. line indicates the cutoff value for background events.
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FIG. 3. Missing mass distributions for butanol and carbon FIG. 4. Results foryp — par®.

(shadowed) before (left) and after (right) the kinematic fit.

The data of the channelp — pn are shown for some
photon energies in Fig. 5 and are summarized in Table I.
Near threshold the angular distribution has a clear struc-
ture, i.e., a change in sign &tcy = 90°. This behavior
can be understood qualitatively by the following simple
consideration. The expansion of the target asymmetry into
leading multipoles/, y = 2) yields

The determination of the target asymmefyoff the
proton follows its definition in the differential cross
section for polarized nucleons,:

o, = oofl + p,Tsing}, @

where oy is the unpolarized differential cross section off
the free proton ang, designates the polarization value
of the target. The direction of the target spins has an
angle to the plane defined by the vector of the primaryThe interference of the domina multipole [corre-
photon and the produced mes@nx g). Introducing the sponding to theS;;(1535)] with the D-wave multipoles
dilution factork = 0/ puwnol, EQ. (1) can be extended E>- and M,-, which contain the contribution of the
to composed targets such as butanol. One derives th;3(1520), leads to an angular structure proportional to
following relation for 7 in terms of the count rates siné cosf. This behavior is apparently contained in the
belonging to different polarization stat&¥;, N)): data.
More sophisticated theoretical analyses of meson pho-
_1 : M= N E— (2) toproduction are based mainly on isobar models [13] or
k piNtsing + piN|sing on effective Lagrangian approaches [3,14]. Resonance
i excitation is usually modeled by a Breit-Wigner func-
Because of the geometry of the detecting system thgqn \yhile the nonresonant terms are treated either by a
target asymmetry could be determined in two independeneak energy dependent function or by the explicit evalu-
ways. As usual, the target polarization was invertedyion of Born terms and vector meson exchange terms.

regularly. Apart from that, the geometric arrangement ofrpa calculation of the nonresonant terms contains model
the PHOENICS detectors on the right-hand side as well as

on the left-hand side of the primary photon beam allowed

1 . *
= ——3sinf cosd Im [E;, (E,— + My-)].
oo

a simultaneous detection of protons corresponding to ' N AR AAR R S MU S AL AR
N; in one detector group while the other one accepted 1 0 ]
those corresponding &;. The data were independently 0z |- 1 el ¢ } 3
analyzed for the two types of detectors which reduced the  ,F , ¢ ¢ U B f 1
systematical error. Both methods show a good agreement § ! by ! ] : t I
and the weighted average of both is presented here. o 1*F B
As a cross check, the same analysis was applied t0 .. [ SN b e o
the reactionyp — p#° in the A-resonance region. At e A R TR T
meson production angles arouf@® there is an overlap Ooulles Oouldes
with existing data of two different measurements [11,12]. ' I e s L B B B B e
The results for this channel, only an example is pre- ' 1"t ]
sented in Fig. 4, are in good agreement with older ones (in oz | } | 2| } 4 '
total, seven of eight data points that are directly compara- | t t I C I Y W f
ble overlap withinlo) and, furthermore, extend to larger i L L ]
pion angles. The error bars include statistical as well as  ** 1 °F ]
systematical errors. The latter are dominated by the un- o, L SAEEA AN NV EegSTMeY
certainty of the target polarization and the luminosity. The SR e e w0 e e e e e
agreement of our results and the older data present a fur- Pauties Ouldes
ther consistency check of our analysis procedure. FIG. 5. Results foryp — p7y.
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TABLE I. Results ofyp — pn. T oo T T T T
06 =
E, [MeV] T AT T AT r ]
04 —
Ocm =33 = 12° Ocy = 58 = 12° F I
717 = 8 —0.002 0.053 0.061 0.059 02 |- _— : =
738 = 12 0.105  0.064 0.179  0.066 o f————t+ —— —4—
765 £ 14 0.078 0.051 0.140 0.061 u ) ]
790 £ 11 0.030 0.057 0.072 0.048 0.2 |- Ocms = 90 —
820 + 14 —0.020 0.064 0.025 0.046 LN +Bom 3
857 = 18 0.029 0.087 0.018 0.075 Tt ]
895 = 17 0.155 0.217 0.011 0.179 06 =
_ . B . c S,,(188%)+BOP ]
Ocm = 80 = 10 Ocm =100 = 10 700 800 900 1000
717 £ 8 0.060 0.066 —0.063 0.058 E,/MeV
738 * 12 0.120 0.060  —0.042 0.056 _ o
765 +~ 14 0.021 0.045 —0.015 0.048 FIG. 6. Comparison of our data and the prediction from
790 + 11 0015 0.048 0.080 0.042 Ref.[3]. The curves consider contributions of different res-
820 + 14 0.125 0.051 0.063 0.040 Onances.
857 + 18 0173  0.070 0.146  0.055
895 + 17 0.203  0.094 0127  0.065
947 * 32 0.098 0.120 0.048 0.059 servable in this energy region. The target asymmetry can
Ocy = 120 + 10° Ocy = 145 + 15° be used to test the predictions of theoretical models, es-
717 *+ 8 —0.077 0.046 —0.002 0.059  pecially concerning the excitation @i-wave resonances.
738 * 12 —0.107 0.050 —0.065 0.050  Up to now, existing model calculations fail to give a con-
765 = 14 0.038 0.037 —0.031 0.039  sistent description of the data.
790 £ 11 —0.015 0.040 —0.020 0.044
820 = 14 0.041 0.041 0.052 0.040
857 = 18 0.111 0.054 0.117 0.052
895 = 17 0.023 0.056 0.129 0.052 *Present address: Physikalisches Institut der Universitat
947 = 32 0.145 0.059 0.089 0.046 Erlangen-Nirnberg Erwin-Rommel-Str. 1 D-91058
1023 £ 40 0.140 0.059 0.102 0.046 Erlangen ' T
T .
1105 = 40 0.086 0.066 0.167 0.093 TEmail address: bock@phop4.physik.uni-bonn.de
*Present address: Physikalisches Institut ~ der
Ruhr-Universitédt Bochum, Universitatsstr. 150, D-44780
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