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A study of inelastic scattering of polarized 3.73-Ge\Wleuterons on protons in the energy region of the
RoperN(1440) and the\ (1232) resonances excitation has been performed in an exclusive experiment at LNS
(Laboratoire National SATURNE, Saclay, Franassing the SPES4 setup. Tensor and vector analyzing
powers of pion production for the reactions+ p—d+n+ =", d+p—d+p+«°, d+p—d+N+ 77 have
been measured as functions of the squared deuteron four-momentum ttangfere effective mass of the
subsystem& 7, N7r7r, and of the pion emission angle. A strong dependence of these analyzing powers upon
the pion emission angle is observed. It is found tAg} values for the considered reaction channels are
systematically larger than the known inclusipéd,d’)X world data at the nearest beam energy.
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[. INTRODUCTION study polarization effects and obtain new information about
the excitation of hadronic resonances.

The excitation of broad hadronic resonances in nuclei by The simplest polarization observable fofd,d")X is the
isoscalar projectiles has been studied intensively in recedgnsor analyzing poweh,, . It was measured inclusively in
years[1-5]. The inelastic interaction of isoscalar projectiles PUPna and Saclay in 1993 and 19%47]. The experimental
(as a or d) with a proton holds the prospect of isolating data show that it increases with increasing tbfalmost lin-

. s . - . . arly up to|t|=0.3 (GeVk)? and decreases at highf.
isobar excitations according to their isospin. The simples uch a behavior of the tensor analyzing power is fairly well

= : faéproduced in the theoretical framework of the exchange of
then must have =1/2. It must occur through isoscalar me- , ‘meson in an algebraic collective model used for the elec-
son exchange. There is also a possibility that the excitatiofrpexcitation of nucleon resonanci®,d]. In that approach

L3 L] 1

occurs in the projectile through exchange of an isoscalar or d N*“A ¢ d N* d

an isovector meson, in the latter case thean also contrib- ———x S

ute (Fig. 1). 1=0,11%,p,0,®... 1=0 | o0~ ~n
The interest of a study of the* (1440 (the Roper reso- p N' p N

nance excitation by isoscalar projectiles was revived several

years ago, following the observation of isospin-1/2 excitation (@) (b)

of the proton in the region of the Roper resonahéd 1440)
in the inclusivep(a,a’)X [4] and p(d,d’)X reactions[5].

d d'
The contribution to the total cross section of inelasticd’) T
. . . T
and d,d’) scattering from the amplitude corresponding\to 1-0|c,0... / ¥
excitation is large at energies of several GeV. Therefore, the p N ’IN'

analysis of these processes in terms of the Roper resonance
excitation is not free from ambiguities. The deuterons, con- {c) (d)
serving all advantages of an isoscalar projectile, is a spin-1 g 1. Basic diagrams contributing ffd,d’)N () reaction:
particle; therefore, using a polarized deuteron beam one c&@) one-pion production via or N* resonance excitation “in the
deuteron.”(b) Two-pion production via Roper excitation in the deu-
teron.(c),(d) One- and two-pion production via Roper excitation in
"Deceased. the target.
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TABLE |. Experimental and setup parameters.

PHYSICAL REVIEW C 64 064001

Forward Spectrometer

Coordinate resolutiowr ~0.3 mm
Momentum resolutiorsp/p ~5%
Horizontal angular resolutiof6, ~0.02 rad
Vertical angular resolutiod6, ~0.0014 rad
SPES4
Momentum resolutiorSp/p 0.4%
Angular acceptance %10 4 sr
Momentum acceptancép/p +4%
Horizontal angular acceptanaed, (—0.0135, 0.018prad
Vertical angular acceptanaef, +0.0114 rad

Beam and experimental parameters

Trigger SPES4FS + LS)
Missing mass resolution in the nucleon mass region ~20 MeV/c?
Full/lempty target ratio for selected events ~20
Deuteron beam momentum 3.73 GeVic
Average beam polarizatioR,, 0.902+0.015
Average beam polarizatioR, 0.311+0.008

Beam polarization control Low-energy polarimeter
d(d,p)t, E4=400 KeV
~10°/spill

Length 6 cm; diameter 3 cm

Average beam intensity
Liquid hydrogen target dimensions

the tensor analyzing power is expected to be very sensitive tSATURNE-II accelerator with the SPES#-setup. The ex-
the isoscalar longitudinal form factor of the Roper resonanc@erimental data contain information about the following
excitation, while the other low mass nucleon resonanceshannels of the inelastic deuteron scattering on protons:
S$11(1535), D15(1520), andS;4(1650) have only isovector

longitudinal form factorg9]. This specific property of the dp—dpm®, @
Roper resonance combined with th@ependence of the deu- do—dnat 5
teron form factors determines thiebehavior of the tensor p—dnm -, 2)
analyzing poweA,, . An attempt to analyze the experimen- dp—dNm. &)

tal data for the inclusive(d,d”) X reaction in the framework

of this model has been done [iti0]. The channels with one pion in the final state can occur

A guiding idea of the present experiment was that bypoth from theA andN* resonance decays
comparing the single and double pion final states, one could

distinguish the two reaction channels further. Selection of d+p—d+N*(1440, N*—p+7° (43

two-pion events would have the effect of eliminating . . N

| =3/2 projectile excitation contributions. d+p—d+N*(1440, N*—n+7", (4b)
In this paper, we present data for the tensor and vector . % 0

analyzing powers imlp inelastic scattering at kinetic energy d+p—d*+p, d* —d+ a7, (5)

T4=2430 MeV, which is very close to the* (1440) excita- d+p—d* +n, d* —d+at 6)

tion threshold[~30 MeV in the nucleon-nucleonNN)
center-of-mass systertc.m.s)].! The scattered deuterons whered* is the scattered deuteron with one of its nucleons
were registered at angles close to O(Fable |). The kine-  excited in theA state. In the region of the resonance over-
matics of dp—d’'X reaction was almost collinear. The lapping, an interference between the decay ofAhand N*
present exclusive experiment was performed at thenay take place.
The tensor and vector analyzing powers for different
channels of d,d’) reaction have been measured as functions
!Deuteron is a weakly bound state so mainly only one of its nucle-of the squared deuteron four-momentum trangfeor the
ons participates in the interaction. mp (p,=pg4/2) kinematics, effective mass of the binary subsysteM#) (see Fig. 2,
Tp=1215 MeV: Tor e =1138 MeV. Indp, T4=2430 MeV:  and the pion emission angle in the reaction plane relative to
TanCane = 1620 MeV. incident deuteron momentum. The kinematical region for the
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A. SPES4

o

The SPES4 spectrometer is about 33 meters long and con-
sists of four dipoles, six quadrupoles, and a correcting sex-
tupole. Two scintillation hodoscopdsand F are located at
the intermediate and the final foci, respectively. The hodo-
scope in the intermediate foclionsists of a row of scin-

t [(GeV/c)?]
S
&
|

o1 | dp—dNn(m)
- Pg=3.73 GeV/c

015 - tillation counters whileF consists of two rows of overlap-
ping counters. The following combinations of the signals
0.2 - from scintillation counters were used for the trigger,

SPES4 (I;F;)+(l;F;.41), wherei is the counter number.

-0.25 - Two 2-cm thick scintillators AE detectoy were placed after
03 the hodoscopé& to measure the detected particle ionization

loss. Two drift chambergwith four wire planes eagiplaced
: before theF hodoscope served for the momentum recon-
035 i struction of scattered particle, however, in this experiment
i : these chambers were not used and the deuteron momentum
was reconstructed from tliecounter numbers. The resulting
momentum resolution was0.4% [13].
Particles were identified by time of flight and energy loss
T e in the AE detector. This information was used to separate
034 11 12 13 14 15 16 17 deuterons from background protons from the elastje
. ) —pd backward scattering.
effective mass of Nr(r)system ( GeV/c") The angular acceptance of the spectrometer we
FIG. 2. Missing masdM, [the effective masN(7)] versus X 1074 sr.
four-momentum transfeft| at the deuteron beam momentum of In this experiment the outgoing beam was trapped after
3.73 QeVb. The dashed area represents the region covered in thifhe first dipole of SPES4 by a 50-cm thick lead beam stop-
experiment. per. The directions of the outgoing beam and of the particle

S - . detected in SPES4 were separated less than 1° at the en-
d+p—d+ X reaction in the {;My) plane studied in this trance of SPES4 P

experiment is shown in Fig. 2.

B. Tethys

The analyzing magnet Tethys was one of the two magnets
The SPES4 setup that was used in a series of experi-that formed earlier the CERN split field magnet. Its horizon-
ments at SATURNE-II is shown in Fig. 3. It consists of a tally oriented pole face has the shape of a square with a side
large acceptance nonfocusing magnetic spectronjatag-  of 100 cm, the pole aperture being 50 cm. The magnet was

net Tethys and detectors: forward spectrom@ &) and lat-  oriented with its iron yoke in the direction of the incoming
eral spectrometerd.S)] in combination with the high reso- beam. A hole of 20 cm width and 10 cm height provided a
lution focusing magnetic spectrometer SPE34]. Below free path for the beam inside the magnet. Placed on air cush-
we shall confine our consideration to the forward spectromions, the magnet could be rotated around a fixed point, thus
eter only(described in detail if12]), since the LS informa- permitting the alignment of the entry hole with the direction
tion was not used in the present analysis. The particles off the incoming beam. The latter could be varied, thus allow-
high momentgin this experiment, scattered deuterom@re  ing the selection of that part of the angular domain of the
detected in SPES4 while the secondary low-momentunteaction that one wanted to study. A 6-cm long liquid hydro-
charged particleprotons and pions from the reactions listed gen (LH) target was placed in the magnetic field approxi-
above were detected in the nonfocusing magnetic spectrommately 25 cm after the entry hole.
eter FS. The vertical component of the magnetic field was mea-
sured at three field strengtf®.6, 0.9, and 1.2 )| both in the
Lateral median plane and in the plane 15 cm above the median
Spectrometer plane. From the measured field values, a three-dimensional
SPES 4 field map was constructed and extrapolated to a surface of
4x3.7 nt [14]. In this experiment three maximal values of
.}I the magnetic field were used: 0.7892, 0.8142, and 0.8418 T,
é'i corresponding to three central momenta of the SPES4 2.85,
f}| 2.94, and 3.04 Ge¢/respectively.

Il. EXPERIMENTAL SETUP

|
_I
TETHYS T

Forward Collimator Intermediate Final . ] .
Spectrometer Focus Focus The FS consisted of six drift chambers

FIG. 3. SPES4# setup. (X1,Y1U,V,Y2X2) and a scintillator hodoscope placed be-

C. The Forward Spectrometer
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TABLE II. Maximum values of the beam vector and tensor po-  TABLE Ill. Results of the beam polarization measurements. The
larization parameters for the used beam polarization states aheasurements were performed periodicéigch~2 days.
SATURNE-II (taken from[21]).

Number of the measurement P, P,
Number of the beam
polarization state pax pax 1 0.9047-0.081 —0.3506+0.039
2 0.8978-0.041 —0.3238-0.023
5 +1 +1/3 3 0.8940-0.022 —0.3190+0.012
6 +1 -13 4 0.9298-0.036 —0.2848+-0.018
7 -1 +1/3 5 0.9004-0.033 —0.3044+0.017
8 -1 -1/3

(1) A relative monitor consisted of two independent de-
hind the chambers. It was used for triggering and for particleector arms each consisting of a telescope of three small scin-
identification. TheX1 andX2 coordinates defined the inter- tjjlation counters. Particles knocked out from a 260y Ta
sections of the charged particle trajectory with the chambefoil placed in the bem 5 m upstream the LH target were
planes in the horizontal direction, while the&l andY2 co-  detected by each arm independently.
ordinates in the vertical one; in additithandV planes, with (2) Secondary emission chamber. The beam traversed a
wires inclined by an angle of about10° to the vertical axis, metal foil, and the emitted free electrons were collected on
helped resolve many-particle ambiguities. The active area adn anode. The number of secondary electrons is proportional
the planes varied from 0%51.2 n? (X1,Y1) to 0.7 to the beam intensity.

X 1.7 mf (X2,Y2). The scattered deuterons as well as the (3) A scintillation counte( SBEAM), operating at lowered
unscattered beam passed through a hole in each of the R8ltage, which was placed in the direct incoming beam just
chambers and the FS hodoscope into the SPES4 entrangssfore the hole in the Tethys yoke. The thickness of scintil-
The size of these holes was aboutdTB cn? in the cham-  |ator was about 0.5 cm.

bers and 2830 cn? in the hodoscope. Particles detected in  These methods gave the relative beam intensity, and it
the FS were identified by the time of flight and the energywas checked that they were consistent with each other. In

loss in the hodoscope. data analysis the relative beam intensity measured by

The procedure of alignment of the FS and the momentunSBEAM was used because the highest counting rate of this
reconstruction algorithm are described[18,14]. monitor provided a minimal statistical error that was impor-

tant in the polarization measurements. It was found that its

D. The beam and monitors counting rate was proportional to the beam intensity, which

was checked periodically by the measurement of the activa-
flon of a thin carbon target inserted in the beam for 10 min.
The ratios of the counting rates of this monitor to the other
ones were verified to be constant for all bursts used in the
data analysis.

The deuteron beam polarization was changed in the usu
burst-to-burst mode; states 5, 6, 7(i8 SATURNE-II nota-
tions, see Table )] were used. The sum of states+8" (7
+8") gives the positive(negative tensorially polarized
beam without vector polarization admixture. The sum of “5
+7"(“6 +8") gives the positivénegative vectorially polar-
ized beam without tensorial admixture. The combinations “5

+8" and “6+7" give the unpolarized beam. The vector  The main goal of the present experiment was the mea-
polarizatio_n was normal to the plane containing thg meargyrement of the analyzing powess,, and A, for reactions
beam orbit of the accelerator. The beam polarization wag1)_(3). Following the Madison conventidii7], a cartesian
measured periodically during the experiment with thecoordinate system was used with thexis along the incident
SATURNE-II low-energy polarimetefsee Table II). beam, they axis normal to the scattering plagend parallel
The vector and tensor deuteron polarizations measure@ the direction of the incident deuteron spin quantization
near the source are also the polarizations of the beam at tlgg(is), the x axis defined a right-handed coordinate system.

target within very good accuracy, since no depolarizing resothe cross section of thép inelastic scattering can then be
nances exist during acceleration in the kinematical regioRy itten as

considered. This has been carefully studied befatd and

systematically checked during the numerous experiments

carried on in SATURNE with the polarized deuteron beam o (60,.,)=0%0, 1)

(see for exampl¢16]). T i
The average beam polarizations weie,,=0.902 1

+0.015, P,=0.311+0.008, and |P;|=|P;| (|P3,| + P2 AL gw,t)}' )

=|PZ,|), (P, and P; are the tensor and vector polariza- 2

tions whereZ is related to the polarized deuteron source

coordinate systeril7]). whereo? ando™ are the cross sections for unpolarized and
The beam intensity was typically=10° deuterons per polarized beam, “0,” “+,” “~” denote the corresponding

spill. It was monitored by three independent monitors. beam polarizationAy(6,,t) and A, (6,,t) are the vector

IIl. MEASURED QUANTITIES

3 .
1+5P3A/(0,,0)

064001-4



ANALYZING POWERS OF INELASTICdp SCATTERING . .. PHYSICAL REVIEW C 64 064001

and tensor analyzing powers of the reactiép,is the hori- 2
zontal pion emission angle, andis the deuteron four- %2250 5
momentum transfer squared. 5 -
It is easy to solve Eq(7) using the combination of the & 2000 2
polarization states with tensorially polarized beam without E s
vector polarization admixture and the vectorially polarized 2 4750 F
beam without tensor polarization admixture|R;|=|P; | -
(IP2=[Pz): 1500 |
Au(0..1) oi—o ® 1250 |
t)= o —— :
yy\ v + - -
Pzz o tto ¢ 1000 [ «—
2 o'y—o 750 | .
A0 )= 35~ ———, (9) :
z0 U+U v 500 | — 2.85—>
whereo ™, are the cross sections for the tensoridihgcto- ;
rially) polarized beam. 250 1
In this experiment the tensdy,, and vectorA, analyzing !
0

powers were calculated for each selected reaction by the fol- 26 27 28 29 3 31 32 33 34 35 3.6

lowing way: scattered deuteron momentum (GeV/c)
FIG. 4. Momentum spectrum of the scattered deuterons. The
A0, 1)= i N5+ Ng—N7—Ng (10) distribution is generated accorQing[@Z]. Regions, covered by the
yyr v P2, Ns+Ng+N;+Ng’ setup acceptance corresponding to the different spectrometer set-

tings, with the central momenta of scattered deuterons of 2.85
2 Ns—Ng+N;—Ng GeVic, 2.94 GeVt, and 3.04 GeW are indicated. Dashed region

Ay(0,,1)= 3P NeF N T No NS (11) corresponds to the Roper resonance excitation.
z N5+ Ng+ N7+ Ng
Ne— Ne— Noat N empty target were performed periodically. The “full”-to-
Ay, )= T 8 (12)  “empty” event ratio, after all selection criteria were applied,

Ns+Ng+N;+Ng” amounted to=20.

The summary of the main characteristics of the setup and
HereNs, Ng, N7, andNg are the numbers of events detected,[he data taking is given in Table |.

at each beam polarization state normalized to the corre-
sponding beam intensities.

The last equation represents the false asymmetry. This V. DATA ANALYSIS AND RESULTS
asymmetry was checked for all reacuon channels and was A. Identification of the reaction channels
consistent with zero in all cases, proving the polarization o ] _ _
observables to be under full control. The detected events originated mainly from the inelastic

p(d,d")Nw(7) reactions, elastic backwardin c.m.s)
p(d,p)d scattering, and the breakup(d,p)pX reaction
[18], as seen in Fig. 5. The protons from these processes that
The measurements were done at the deuteron beam mwere in the momentum range af4% from the central mo-
mentum 3.73 GeW with three different settings of the mentum of SPES4 settings, were registered by SPES4 but
SPES4 and Tethys magnetic fields, to assure a complete cowere identified by(time of flight, momentum correlations
erage of the Roper resonance mass redfi6g. 4). The cen- inambiguously(see Fig. $ Background due to quasielastic
tral momentum settings of the SPES4 spectrometer werblN scattering was suppressed at the trigger level already by
2.85 GeVt, 2.94 GeVE, and 3.04 GeMW. The correspond- requirement of coincidences between FS and the focusing
ing regions of the four-momentum transfer squatedere  spectrometer SPES4. This kind of the background contrib-
for 2.85 GeVt —0.28<t<-0.14 (GeVt)?, for 2.94 utes in the random rates only.
GeV/c —0.22<t<—0.1 (GeVk)?, for 3.04 GeVt —0.17 The elastic process was unambiguously identified by de-
<t<-0.07 (GeVt)?. The Tethys and SPES4 magnetic tecting the recoil proton in SPES#{=2.93 GeVt) in co-
fields were varied proportionally, assuring identical trajecto-incidence with the scattered deuteron in the Ffy (
ries of the deuterons accepted by SPES4. The field strengths0.8 GeVk). It provided useful information for the cali-
were monitored by use of nuclear magnetic resonance probgration of the setupl3,14. The data on th@(d,p)d tensor
with accuracy better than 1 Gauss. analyzing power, obtained in the present experiment and
The coincidences of signals from SPE@4e aboveand  published in[18], agree well with the existing world data
the scintillation hodoscopes of the FS were used for triggerf19,20.
ing, SPESAFS+LS). For the inelastic proceg®(d,d") X, X=N (), the scat-
For each setting background measurements with théred deuterons were detected by SPES4, while the charged

IV. MEASUREMENTS
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3 é . 'é 400
2000 3 200 F
E 1==’, : E 200
_: [T 0 i ' [ [ [2) 0 " " N
1 3 600 800 100012001400 02 04 06 08 1
0 1%dog (number of channel) p (GeV/c)

time of flight (ns) 5

34

particle momentum (GeV/c)
FIG. 5. Experimental plot of “momentum in SPES4”
(GeVic)—“time of flight in SPES4” (ns). (A): Deuterons in the £
SPES4 from inelastip(d,d’) (the big “mountain”, (B) protons S 8500_'2‘
from p(d,p)d (the small peak (C) protons from thep(d,p)pX Al
reactions(the tail of the small peak These regions are well sepa- p (GeV/c)
rated. FIG. 6. Plots for the particle identification for the FS hodoscope
counter number 3 at the SPES4 setting 2.94 @eVd) Time of
flight (TOPF) versus amplituddADC), both in arbitrary units(b)
ADC versus the charged particle momentuig). TOF (in time-to-
aqigit converter unitsversus the charged particle momentum.

04 06 08 1

products of the decay of the intermediate syst&mvere
registered by the forward spectrometer.
The calculated missing mass was used for the identific

tion of the reaction channels, ) ) . .
larged in the data analysfand in the simulationin order to

m2=(kq+ Kiarget— Kg—Ken)?, eliminate random triggers and were set akTi8 cnt in the
chambers and 25630 cnt in the hodoscope.

, - The choice of the experimental cuts for the channel selec-
whereky, Ky, Kiarget=(Mrarge0,0,0), ken=(Ecn,Pcn), @€ tion was verified by the Monte Carlo calculations.
respectively the four-momenta of the incident deuteron, scat- | the particle registered in the FS was identified as a
tered deuteron, target proton, and charged particle detected gysitive pion, the missing mass distribution should have a
the FS @@" or prot(_)r). The particles in the FS were identi- peak close to the neutron mass correspondingdfm
fied by time-of-flight (TOF) and energy 10ss(ADC,  _, qnz+ reaction and a broader structure at higher mass cor-
amplitude-to-digit converter unitsneasurements. The two- responding to the reacticthp— dN* 7.
dimensional plots of the TOF versus the energy 10ss, TOF | the particle registered in the FS was identified as a

versus the particle momentum, and ADC versus the particlg oton then the missing mass distribution should have a peak
momentum were constructed for each counter of the FS hsjose to ther® mass corresponding to thp— dp® reac-

doscope and the selection criteria were chosen separately fahn and a broader distribution at higher mass corresponding
each counter and for each settitgpe an example of such 4 dp—dpmr reaction.

distributions in Fig. 6. Note that the probability to misiden- The = were not considered due to low acceptance for
tify =" as protons or proton as™ increases with increasing 7~ registration by the FS.

particle momentum_._ Particles .with momenta pelow Q.7 The results ofA,, andA, measurements are presented in
GeVic can be identified unambiguously. For particles withtapie v/ The errors shown there are only statistical.
momenta above 0.7 GeWthe possibility of different iden-

tification was considered separately by the missing mass cal-
culations.

We analyzed events in which one charged particle was dp—dn#z" reaction. Figure 8 shows the selection of
detected by the FS and the scattered deuteron by the SPES#¥ents from thedp—dnz" reaction. Positive pions from
A specific feature of the experiment was that the secondarthis reaction were detected by the FS. For each setting of the
particles from different reactions populate different angularSPES4 spectrometer the region of the corresponding four-
and momentum regions. In Figs(bJ—7(f) the regions of momentum transfer squarédvas divided into three equal
kinematical variables accepted by the setup for all consideregarts(bins). In Fig. 9 the missing mass squared spectra cor-
reactions are presented. These regions were mapped withresponding to the unobserved neutron from dmer ™ final
Monte Carlo simulation using phase space distributions otate are shown for eadh bin for both tensor polarization
the particles, with cuts implied by the setup boundaries andtates. The corresponding spectra taken with “empty target”
the trigger conditions. The sizes of the FS holes were enmeasurements were subtracted. The background from par-

1. One-pion production channels
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g2 : “SPESs | 3 1 : corresponding to protons with,<0.5 andp,>0.7 GeVEk,
S0l @ | zo5F dpsdn’ (b) respectively. Only protons with momentg,<0.5 GeVk
M- E could be identified reliably in the experiment. For this reac-
0 3 0 1 tion it was impossible to distinguish protons with momenta
-10 [ 0.5 | p,>0.7 GeVk from the strong background of misidentified
P S P S particles; consequently these events were rejected. The rect-
-0.05 0 0.05 0 0.5 1 1.5 angle in the lower left corner indicates the selection criteria
o deuteron (%) ™ momentum ( Gevic) for the events frontdp—dp#° reaction. In the bottom part
- , H . of Fig. 11 the distributions of the missing mass squared are
HOS F © | Jo5| dpodien @ shown. Figure 1(c) represents the one without application of
ok w 0 the selection criteria. Figure (d) shows the one for protons

M with 6,<<—0.7 rad angp,<0.5 GeVE. A clear signal form®

5p 0.5 events was obtained for this part of the proton spectra.
1 b i 4 e In Figs. 1@d)—10(f) the tensor analyzing powé, , vec-

0 Pm?(;fmomem:m((;ew:)-5 0 °7-t§m°mem3m(eewc1)-5 tor analyzing power,, and false asymmetrp, are pre-
- - sented. Because of the lack of statistics for this channel, only
B OL B} the mean value oft| for each setting is taken.

FUE S © | z05} ) ® A,y angular and t dependence for the one-pion channels.
ok i ok ‘ In general the amplitude for thdp— d N7 reaction depends
dpdpr'n on the momenta and angles of all outgoing particles, but
05 0.5 ¢ under the kinematical conditions of this experiment, when
b T Y T the scattered deuterons are detected at angles close to 0° and

0 0.5 1 15 0 0.5 1 1.5 Mis is directly related witht, the tensor analyzing power

proton momentum { GeV/c ) ©~ momentum ( GeV/c)

A, is a function of two independent variables only, the hori-
; ; vy '
FIG. 7. Acceptance of the setup for different reaction channelsZontal pion emission anglé, andt.

calculated usingseaNT package.d’ is accepted by the SPESA4. Ayy(ﬁw,t) is presented in Table IV as a function of both

Events were generated by phase space simulation Ged®op. (a) . . .
Momentum versus the horizontal emission angle of deuterons aé{arlablese,r andt. TheAyy dependencies anand 9.77’ Inte-
cepted by the SPES4b)—(f) Momentum versus the horizontal grated over the accepted values of the other variable are pre-

emission angle of the charged particle fratp— dNw(7) reac- sented in Figs. 1(@)—1(Xh). 0
tions accepted by the FS. Events from the reactiordsp—dn7" anddp—dp=° de-

tected in the SPES4- spectrometer populate different re-

ticle misidentification(very smal) was fitted by a polyno- gions of the horizontal pion emission anglés (Fig. 12.
mial and subtracted. Similar spectra were obtained for alllhe accepted angular region fdp—dp=° is narrow. On
three settings of SPES4. the contrary for thedp—dnz* channel it is rather broad

In Figs. 1@a)—10(c) the tensor analyzing powd,, , vec- and it was divided into three equal paftins). The mean
tor analyzing powerA,, and the false asymmetr, are  value of 6, over the bin was taken. In Fig. (d) the depen-
presented for this reaction as a function of the m¢pwalue  dence ofA,, upon 6, (for positive pion fromdp—dnz*
of the bin. The regions covered by the SPES4 settingsand for neutral pion frond p— dp#°) reactions is presented.
(Apy/py=+4%) overlappedFig. 4), so it is possible to Three points fordp—dnz" and one fordp—dp#°® are
compare the values of the polarization observables measurstiown. All possible values oft| are included, which is
at different settings of the spectrometer. From Figal@ne equivalent to integration over the whdfg range. It is seen
can see that these measurements are consistent, and thenithéis figure that the\,, is an even smooth function of;,,
average values oh,, are taken for eacl|, Fig. 10d). A Ay, values being almost the same for the points with the
similar method was used for all other reaction channels. similar absolute values of ..

dp—dpm?° reaction. In Fig. 11 the selection of events If we plot A, as a function oft| only (which corresponds
from thedp—dp=° channel is shown for the SPES4 spec-to the integration over the horizontal pion emission angles
trometer setting 2.94 GeW/when protons were detected in allowed by the setup, i.e536°<6,+<6° for dnw* and
the FS. Similar plots were obtained for settings 2.85 GeV/ 6°<#,0<36° for dp=° final state} the values ofA,, for
and 3.04 GeW¢. In Fig. 11(a) the spot near zero missing the discussedlp—dN# channels with the samj¢| values
mass squared correspondsdip— dp=® reaction; the other are essentially differerft=ig. 10d)]. This is due to the dif-
events are frondlp—dpm 7 and from misidentified positive ferenté,. range selected in both cases.
pions from the reactiodp—dn«". In Fig. 11(b) the two- Ay angular and t dependence for the one-pion channels.
dimensional distribution of the proton horizontal emissionSimilar to A,,, the one pion asymmetryA,, for dp
angle () and momentum is shown. The rectangle in the—dNm shows a strong angular dependefigig. 10h)]. It is
lower left corner indicates the selection criteria for the eventsan odd function of the angle, consistent with zero at zero-
from dp—dpm? reaction. This has to be put together with pion emission angles. Tha, angular dependence seems to
the calculated range of the accepted proton momenta arge understood qualitatively if one takes into account that in
angles shown in Fig. (€). The latter consists of two parts, collinear kinematicsd’ is detected at about zero angtee
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TABLE IV. Spin-dependent observablés, andA, .

PHYSICAL REVIEW C 64 064001

t (GeVic)? (It]y (GeVic)? 6, (deg Ay A,
dp—dn#w*, 7" is detected in the FS
0.22+0.02 —36°<6,+<6° 0.516+0.081 —0.004+0.078
0.19+0.01 —-36°<60,+<6° 0.327-0.046 0.10%0.044
0.15+0.01 —36°<60,+<6° 0.294+0.032 0.0910.031
0.12+0.01 —36°<60,+<6° 0.254+0.037 0.196:0.036
0.08+0.03 —36°<6,+<6° 0.181+0.066 0.2470.064
—-0.28<t=-0.14 0.19-0.05 0°<6,.+<8° 0.349+0.062 —0.011+0.06
—0.28<t<-0.14 0.19-0.05 —10°=60,+<0° 0.262+0.068 0.05%*0.06
—0.28<t=<-0.14 0.19-0.05 —38°=0,+=-18° 0.525-0.083 0.1610.08
—0.22<t<-0.1 0.15-0.05 0°<0,+=<8° 0.307:0.056 —0.033:0.055
—-0.22<t<-0.1 0.15£0.05 -10°<60,+<0° 0.259+-0.048 0.136:0.045
—-0.22<t=<-0.1 0.15-0.05 —38°=<60,+<—-18° 0.4110.065 0.2340.064
—-0.17=<t=<=-0.07 0.12£0.05 0°<6,.+<8° 0.268+0.079 —0.041+0.072
—0.17<t=<-0.07 0.12£0.05 —10°=60,+<0° 0.123+0.052 0.1970.051
—0.17=<t=<-0.07 0.12-0.05 —38°=0,+=-18° 0.425-0.098 0.298 0.091
dp—dp=?, pis detected in the FS
—-0.28<t=-0.14 0.19-0.02 6°<6,0=<36° 0.428:0.120 —0.204+0.110
—0.22<t<-0.1 0.15£0.02 6°<6,0=<36° 0.5210.076 —0.115:0.071
—-0.17=t<-0.07 0.12£0.02 6°<0_0<36° 0.374+0.065 —0.144+0.061
dp—dN=z* 7, w7 is detected in the FS
0.22+0.01 —56°=6,+<0° 0.314+0.089 0.03%0.086
0.19+0.01 —56°<6,+<0° 0.438+0.062 0.005:0.060
0.15+0.01 —56°<6,+<0° 0.382:0.062 0.0480.046
0.12+0.01 —-56°<60,+<0° 0.259+0.062 0.05%0.060
0.08+0.03 —-56°<60,+<0° 0.21+0.17 —0.10+0.16
dp—dpw, pis detected in the FS
0.22+0.01 —60°<0,(-.+0<60° 0.3510.054 0.026:0.048
0.19+0.01 —60°<0,(-.+0<60° 0.373:0.038 0.046:0.036
0.15+0.01 —60°<0,(-.+0<60° 0.3170.028 0.036:0.026
0.12+0.01 —60°<60,(-,+0=60° 0.250-0.028 0.036:0.027
0.08+0.03 —60°<60,(-,+0=<60° 0.193+0.050 0.0053:0.048

reaction plane is determined by the momentum vector of a The dependence &k, on ¢, andt is presented in Table
secondary particle and the incoming beam direction; therety, for each bin of#, the mean value oft| for the whole
fore when they are almost collinead (~0), the reaction setting is given.

plane becomes undefined.

A, as a function oft|, integrated over the pion emission
angles allowed by the setup, has different signs dqr
—dnz" and dp—dpw® channels at the saml¢| values Channel selectionn this experiment the events from the
[Figs. 1@b) and 1@e)]. This is a consequence of the different reaction channels with two pions in the final state are se-
0., range selected. lected when eitherr™ or protons were detected in the FS.

2. Two-pion production channels

064001-8
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™ momentum (GeV/c) ™ momenturn (GeV/c) FIG. 9. Experimental missing mass squared distributions for the

FIG. 8. Experimental missing mass squared distributions for thejp_,dn=+ channel whenr™ is detected by the FS at the central
dp—dN" () channels whenr" is detected by the FS at the momentum of SPES4 equal to 2.94 GeVSolid line: the positive
central momentum of SPES4 equal to 2.94 GeMe) Missing  tensorial polarization of the beam; dashed line: the negative tenso-
mass squared distribution for all selected events fraip rial polarization.
—dN#" (7). Dotted line corresponds to the events framsz*.

(b) Missing mass squared distribution for events froNz" 7. ) .
Figures(c)—(g) represent the missing mass squared versus momertion to the deuteron, the measured observables were inte-

tum of = distributions for different intervals df Figures(c), (¢, ~ drated over all possible anglésnd momentgof the nonreg-
and (g) represent the distributions for the left part of tkecham-  istered particles. The values Af, andA,, are very similar in
bers; figure€d), (f), and(h) represent the distributions for the right the case of detection of a pion or of a proton for the same
one. The cuts on the momentum sf for the selection of events momentum transfer, moreover the vector analyzing payer
from dnz* were chosen for each interval bfind for each part of for these channels is close to zero: see Figéh)land 13e).
the X chambers separatefgolid arrows in the Figsic)—(h)]. This can be explained in the following way: both wheri

B _or a proton is detected, there is no defined reaction pliane
The case whenr~ were detected by the FS was not consid-contrast withd p— d N reactions, and therefore there is no
ered due to low acceptance far registration[Fig. 7(f)]. reason to expect a dependencefgf andA, on 6,.; more-

In Fig. 8b) the missing mass squared spectrum for eventger the vector analyzing powek, for these channels is
from dp—dN7" 7~ with 7" detected in the FS is shown. (|ose to zero: see Figs. @8 and 13e).
The selection criteria are complementary to those used for
dp—dnat with pion momentum less than 0.5 GeVand
angle§,.<0 (see Figs. 4 and)7

A,y and A, t dependence for the two-pions channéis.
Fig. 13 the tensor analyzing powéy,,, vector analyzing The difference between the tensor analyzing pogy
powerA, , and the false asymmet#y, are presented for the for the reactiond p—dnz" and for the channels with two
two-pion production channels as functionstoThe data for pions in the final state is not significa(fig. 14 and Table
A,y were obtained in both ways: when' were detected in 1V). They actually differ only at the point with the maximum
the FS or when protons were detected in the FS; the result$|, t=—0.225 (GeV£)?. As discussed before it was ex-

coincide. As only one charged particle was detected in addipected that two-pion final states correspond to the Piire

3. Comparison of t-dependence of Afor one- and two-pion
production channels
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FIG. 10. Data for the spin-
dependent observablés, andA,
versust and @, for the one-pion
production channels. Squares: the
setting corresponding to the cen-
tral momentum of SPES4 3.04
GeV/c; triangles: 2.94 GeW;
stars: 2.85 GeW,; (a) Tensor ana-
lyzing power A, versus|t|, for
each setting separateljp) Vector
analyzing poweA, versuslt|, for
each setting separatelyc) False
asymmetryA, versus|t|, for each
setting separatelyd) Mean val-
ues ofA,, fordnz ™", =" detected
by the FS (triangles; A,, for
dp#?, p detected by the FSilled
circles. (e) Vector analyzing
power A, for dpm® channel.(f)
False asymmetrf, for the dpr®
channel.(g) Mean values ofA,,
for dnz ™ (triangles and A, for
dp#? (filled circles versus the
horizontal emission angle of the
pion in the lab system(h) Mean
values ofA, for dnm* (triangles
and A, for dp=® (filled circles
versus the horizontal emission
angle of the pion in the lab sys-
tem.

FIG. 11. Experimental distributions for the
dp—dpw(7) reaction, when the protons were
1 registered in the FS at the central momentum of
SPES4 equal to 2.94 Ge¥/(a) Missing mass
squared versus the proton momentutr). Hori-
zontal emission angle versus the proton momen-
tum. (c) Missing mass squared for thdp
—dpw(7) reaction(without cutg. (d) Missing
mass squared of°.
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FIG. 12. Monte Carlo simulation of the reaction channelp:

—dpm? dp—dna": momentum versus the horizontal emission
angle of a secondary particle. The events were generated by the
phase space simulation codensobp. The scattered deuterons are

accepted by the SPESA.
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FIG. 14. Comparison of the tensor analyzing pows, for
p(d,d’)X (world data[6]) with the results of this experiment for
the reactionslp—dnz* anddp— dpm«. World data: the squares,
circles, and diamonds correspond t@y=9 GeVlc, py
=55 GeVk, pg=4.5 GeVk.

signal, for one-pion final states both and N* resonances
give a contribution. In the lovit| region theA excitation in
the projectile dominates in inclusivep—dX [5], but ac-
cording to Monte Carlo simulation of our setup with the

& 0.4
r  (b) dp—dNrn'*n 02 (c) dp—dNr'n
- ! e
[ 0 [ * -t- -.A- 4 k-
3 _+_ 1 FIG. 13. Data on the spin-
L + * ! —+— 0.2 |- dependent observables,,, A,
-+— and A, for the two-pion final
Y T Y T TR states. In all the panels, squares
-t [(GeV/c))) -t [(GeV/c)?) correspond to the setting with the
r o 0.4 central momentum of SPES4 3.04
C GeVic; triangles: 2.94 GeW;
[ f) dp—d ' '
E (e) dp—dprr 02 F () dp—dprr stars: 2.85 Ge\W; (a—(c) for
2 dN7* 7, whenn* is detected by
C o - k- the FS: (@) Tensor analyzing
- [ * power A, . (b) Vector analyzing
L 02 [ power A,. (c) False asymmetry
- a4 [ Ag. (d)—(f) Fordpma, whenp is
R oabl v i1y detected by the FS(d) Tensor
0.1 0.2 ) 0.1 0.2

analyzing powerA,,. (e) Vector

analyzing powerA,. (f) False
asymmetryA,. (g) Mean values of
A,y for dN7"7 (empty dia-
monds, 7" detected by FSA,,

for dpm# (filled circles, protons
detected by the FS.

-t [(GeV/c)]
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matrix element of22] (Fig. 4) it is expected that contribu- are presented in Table IV and in Figs. 10, 13, and 14.

tion of the A(1232) resonance excitation in the projectile is  The results of this experiment show two interesting fea-
suppressed in our experiment and does not exceed one-fourres.

of the N* contribution even at the highest setting of SPES4, (1) Taken as a function of one- and two-pions produc-
3.04 GeVE. The simplest possible interpretation of the ab-tion channels have the same valuesAQf within statistical
sence of the difference between tensor analyzing power fdfncertainty,

one- and two-pion production channels is that the exclusive (2) Compared to the world data at the nearest beam en-
reaction in the kinematics of this experiment is fully domi- €9y On inclusivep(d,d’) X, the exclusiveA,, data are sys-
nated by the Roper. This interpretation is based onfzgé  tematically higher than the inclusive ones.

consideration of the(d,d”)X reaction.

In Fig. 14 the data for these reaction channels are com-
pared with the existing world data from the inclusive This work was supported in part by INTAS-RFBR Grant
p(d,d")X scattering. The inclusive data @, demonstrate No. 95-1345 and by the Russian Foundation for Fundamental
an approximate scaling in|, but the points corresponding to Physics Program Grant No. 122-03. Two participants ac-
the exclusive measurements are highesmpare triangles knowledge support from the U.S. Department of Energy
with diamonds in Fig. 14than the inclusive ones when taken (V.P., Grant No. DE-FG05-89ER405P4nd from the U.S.
at the closest beam momentupy&4.5 GeVk). It may be  National Science Foundatioi€.F.P., Grant No. 97-04502
explained by hypothesizing that the integration over the fullWe are thankful for the financial support from IN2P3 and
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