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1 Introduction

The excitation of broad hadronic resonances in nuclei by isoscalar projectiles has been
studied intensively in recent years [1] - [5]. The inelastic interaction of isoscalar projectiles
(as « or d) with a proton holds the prospect of isolating isobar excitations according to
their isospin. The simplest process is the one where the target is excited to an isobar
which then must have I=1/2. There is also the possibility that the excitation occurs in the
projectile through exchange of an I=1 meson, in which case the A can also contribute. A
- guiding idea of this experiment was that by comparing single and double pion final states,
one could distinguish the two reaction channels further. Indeed the free A does not decay
into two pion final state channels, whereas the N* resonances do. Selecting 2-pion events
would have the effect of eliminating I=3/2 projectile excitation contributions.

In this paper we present data for the tensor and vector analyzing powers in dp inelastic
scattering very close (~ 30 MeV in the NN c.m.s.) to the N*(1440) excitation threshold.
The experimental data contain information about the following channels of the inelastic
deuteron scattering on protons: dp — dpr®; dp — dnn™ and dp — dNrr.

The channels with one pion in the final state can occur both from the A and from the
N* resonance decays; therefore an interference between these channels can take place in
the region of the resonance overlaps.
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Figure 1: The missing mass M, (the effective mass N 7 (7)) versus 4-momentum transfer
[t| at the deuteron beam momentum of 3.73 GeV/c. The dashed area represents the
region covered in this experiment.

The tensor and vector analyzing powers for different channels of (d, d’) reaction have
been measured as functions of the squared deuteron 4-momentum transfer ¢, or the effec-
tive mass of the binary subsystem (N7) (see Fig. 1). The physical region for d+p — d+X
reaction in the (¢ — M,) plane studied in this experiment is shown in Fig. 1.
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Figure 2: SPES4-7 setup.

2 Measurements and data analysis

The SPES4-7 setup which was used in a series of experiments at SATURNE-II is shown
in Fig. 2. It consists of a large acceptance non-focusing magnetic spectrometer (the
magnet Tethys and detectors: Forward (FS) [6]-[8] and Lateral (LS) spectrometers) in
combination with the high resolution focusing magnetic spectrometer SPES4 [9]. The
particles of high momenta (d') were detected in SPES4 while the secondary low momentum
charged particles (protons and pions from the reactions listed above) were detected in the
FS. The characteristics of the setup and the data taking are given in [6]-[8].

A polarized deuteron beam with momentum of 3.73 GeV/c produced by the SATURNE-
II accelerator was used. The beam intensity was measured by ~ 0.5 cm thickness scin-
tillation counter operating at lowered voltage, placed in the direct incoming beam just
before the hole in the Tethys yoke.

The deuteron beam polarization was changed in the usual burst-to-burst mode; states
5,6, 7, 8 (in SATURNE-II notations, see Table I), were used.

Table I. Maximum values of the beam vector and tensor polarization para-
meters for the used beam polarization states (taken from [10]) at Saturne-II.

Number of the beam
polarization state ~ Pyg® Ppe®

5 +1  +1/3
6 +1  -1/3
7 -1 +1/3
8 -1 -1/3

The vector polarization was normal to the plane containing the mean beam orbit of the
accelerator. The beam polarization was measured periodically during the experiment with
the SATURNE-II Low-Energy polarimeter. The average values were Pz = 0.902 £ 0.015
and Pz = 0.311 4+ 0.008.

The tensor Ay, and vector A, analyzing powers were calculated for each reaction by



the following way:
2 N+ Ng— Ny — Ng

A = —- 1
yy(t) PZZ N5+N5+N7+Ng ( 0)
2 N;—Ng+ N;— Ng
t)=-—" 1
Ay( ) 3P; N5+ Ng+ N7+ Ng ( 1)
N5+ Ng — Ng — N
Ag(t)““ 5 8 6 7, (12)

" Ns+ Ng + N; + Ny

Here Ay(t) and Ay, (t) are the vector and tensor analyzing powers of the reaction, N,
Ng, N7 and Ny are the numbers of events detected in each polarization state normalized
to the corresponding beam intensities. The last equation represents the false asymmetry.
This asymmetry was checked for all reaction channels and is consistent to zero thus proving
that the polarization observables were under full control.

The detected events originated mainly from the inelastic p(d, d’)N7(7) reaction and
elastic backward p(d, p)d scattering [11]. The elastic process was identified unambigu-
ously by detecting the recoil proton in SPES4 (p, ~ 2.93 GeV/c) in coincidence with the
scattered deuteron in the FS (py ~ 0.8 GeV/c). It provided useful information for the
calibration of the setup [7]. The data on the p(d, p)d tensor analyzing power, obtained in
the present experiment, are published in [11] and agree very well with the existing world
data (see ref. in [11]). For the inelastic process p(d,d)X, X = Nn(w) the scattered
deuterons were detected by SPES4, while the charged products of the decay of the inter-
mediate system, X, were registered by the FS. The typical missing mass spectra for the
reaction dp — dnw™ are shown in Fig. 3 for three bins in ¢ at the central momentum of
SPES4 equal to 2.94 GeV/c. Details of the data analysis are given in the paper [12].

3 Results

In Fig. 4 tensor analyzing power A, for the reaction dp — dn7™ and for the channel with
two pions in the final state are presented and compared with the existing world data [13]
from the inclusive p(d, d')X scattering.

The difference between Ay, for one and two pions in the final state channels is not sig-
nificant. They actually differ only at the point with the maximum [¢], t=-0.225 (GeV /c)2.

The points corresponding to the exclusive channels are higher than the inclusive ones
when taken at about the same beam momentum, while A,, of the inclusive data demon-
strate an approximate scaling in [¢].

Data on A, and general discussion can be found in [12].

4 Conclusion

Tensor and vector analyzing powers for the reactions dp — dnznt, dp — dpr®, dp —
dN7m were measured in the energy region of the Roper N(1440) resonance excitation
as functions of the deuteron 4-momentum transfer squared in the ¢ range, —0.28 < t <
—0.07 (GeV/c)?, of the effective mass of the subsystems (Nw), (N77), 1.33 <M,sf
1.48 GeV/c?.

IA



The results of this experiment show two interesting features:

o first, taken as a function of ¢ one and two pions events have the same Ay, within
statistical uncertainty;

e second, compared to the world data on inclusive p(d, d)X, the exclusive one and two
pion Ay, data are systematically higher.

The simplest interpretation of the first point could be that the exclusive reaction in
the kinematics of this experiment is fully dominated by the Roper. The second point can
be explained by hypothesizing that the integration over the full phase space of the missing
mass in (d,d') allows some other contribution which lowers A,, somewhat. The A comes
to mind because it is so overwhelming in this s-range.

This work was supported in part by INTAS-RFBR, grant 95-1345 and by the Russian
Foundation for Fundamental Physics Program Grant 122-03. Two participants acknowl-
edge support from the US Department of Energy (V.P., grant N° DE-FG05-89ER40525)
and from the US National Science Foundation (C.F.P., grant N° 97-04502). We are
thankfull for the financial support from IN2P3 and IPN.
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Figure 3: Experimental missing mass squared distributions for dp — dnm™ channel when
7t is detected by the FS. Empty target contribution is subtracted. The background from
misidentification of the type of a charged particle (very small) is fitted by polynomial and
subtracted. Solid line: the positive tensorial polarization of the beam; Dashed line: the
negative tensorial polarization.
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Figure 4: Comparison of the tensor analyzing power A,, for p(d,d’)X (world data [13]
hollow symbols) with the results of this experiment (solid symbols) for the reactions
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Manunusa JI.B. u np. E1-2001-12
H3mepenne TeH30pHOI aHaIM3MpyloweH CrocoGHOCTH A

Heynpyroro p (dd’)-paccesHus B 06J1aCTH SHEpruil BO30YXIeHUs

IeNbTa-u306apbl H POHEPOBCKOrO PE30HAHCA C UCIIONB30BAHUEM

cnekrpomerpa SPES4 —x Ha yckopurene SATURNE-II

H3yyeHne HEynpyroro paccesHus NOJMIPH30BAHHBIX ACHTPOHOB C MMILYJIbCOM
3,73 I'eB/c Ha mpoToHax B 00/aCTH BHEPrHil BO3OYXIEHUS POMEPOBCKOrO Pe3o-
HaHca N*(1440) u A(1232) 6bUTO0 NPOBENEHO B BKCKJIIO3HBHOM 3KCIICPUMEHTE
¢ ucnonb3oBaHueM cnextpoMerpa SPES4-n B HaumonaneHoi#t naboparopuu
SATURNE (Caxe, ®panuus).

TeH30pHas U BEKTOpHAs aHATM3HUPYIOIIHE CIIOCOOHOCTH IMMOHHOTO POXICHHS
s peakuuit d +p - d +n+nt, d+p - d+p +1°, d +p — d +N +7nr 6buIH H3MEpe-
Hbl KaK (pyHKUHMM KBajpaTa NMEpPEeNaHHOIO YEThIPEXUMIynbca ¢ U 3(eKTUBHOM
maccol ogcucteM (Nn), (Nnr).

Bbu1o 06GHapyxeHo, YT 3Ha4eHHsl A ,, WIS PaCCMAaTPUBAEMbIX KaHANOB peaK-
LIMH CHCTEMaTH4ecKH Oojiblie ONIKAHLIMX MO SHEPrUM MydyKa HU3BECTHBIX MHPO-
BBIX JaHHBIX /I MHKIIIO3UBHOM peakuuu p (dd’) X .

Pa6ota Bemnosnnena B JlaGoparopuu BbICOKHX sHepruii OMSIH.
Ipenpunt O6beANHEHHOr0 HHCTHTYTA SAEPHBIX HccienoBanuii. [ly6Ha, 2001

Malinina L.V. et al. E1-2001-12
Measurement of the Tensor Analyzing Power A,

of Inelastic p (dd’) Scattering in the Energy Region of Delta

and Roper Resonances Excitation with SPES4 -n at SATURNE-II

A study of inelastic scattering of polarized 3.73 GeV/c deuterons on protons
in the energy region of the Roper N* (1440) and the A(1232) resonances excitation
has been performed in an exclusive experiment at LNS (Laboratoire National
SATURNE, Saclay, France) using the SPES4 —-= setup.

Tensor and vector analyzing powers of pion production for the reactions:
d+p—>d+n+n’, d+p—->d+p+n’, d+p—>d+N +nn have been measured as
functions of the squared deuteron 4-momentum transfer ¢ and of the effective mass
of the subsystems (Nx), (Nnn).

It is found that A, values for the considered reaction channels are systemati-
cally larger than the known world data from the inclusive p (dd’) X at the nearest
beam energy.

The investigation has been performed at the Laboratory of High Energies,
JINR.
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