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Abstract. The tensor Ayy and vector Ay analyzing powers in the inelastic scattering of deuterons with
a momentum of 4.5 GeV/c on beryllium at an angle of ∼80 mr in the vicinity of baryonic resonances
excitation have been measured. The Ayy data being in good agreement with the previous results obtained
at a zero angle demonstrate an approximate t scaling up to ∼ −0.9 (GeV/c)2. The results of the experiment
are compared with the predictions of the multiple-scattering and ω-meson exchange models.

PACS. 24.70.+s Polarization phenomena in reactions – 25.10.+s Nuclear reactions involving few-nucleon
systems – 25.70.Ef Resonances

1 Introduction

Hadronic reactions induced by relativistic deuterons have
extensively been studied in the last years. In particular,
the coherent deuteron interaction (without breakup) with
nuclei at high energies has been the subject of such inves-
tigations at different laboratories [1–11].

Since the coherent interaction between deuterons and
nuclei at relativistic energies involves high momentum
transfers, one may expect it to be sensitive to the nu-
clear structure of the deuteron and, possibly, to the man-
ifestation of non-nucleonic degrees of freedom. In this re-
spect, inelastic scattering of deuterons on nuclei at high
momentum transfers can be considered as a complemen-
tary method to elastic pd- and ed-scatterings, deuteron
breakup reaction, electro- and photodisintegration of the
deuteron to investigate the deuteron structure at short
distances.

On the other hand, as the deuteron is an isoscalar
probe, inelastic scattering of deuterons, A(d,d′)X, is se-
lective to the isospin of the unobserved system X, which
is bound to be equal to the isospin of target A. For in-
stance, this feature was used to search for ∆∆ dibaryons
with isospin T = 0 in the d(d,d′)X reaction [6]. Inelas-
tic scattering of deuterons on hydrogen, H(d,d′)X is, in
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particular, selective to isospin 1/2 and can be used to ob-
tain information on the formation of baryonic resonances
N∗(1440), N∗(1520), N∗(1680), and others.

Differential cross-section measurements of deuteron
inelastic scattering have been performed at Saclay at
2.95 GeV/c [1,4] for hydrogen, in Dubna [3,5,7] for differ-
ent targets at deuteron momenta up to 9 GeV/c, and at
Fermilab [2] at higher energies for hydrogen. The calcu-
lations performed in the framework of multiple-scattering
formalism [7] have shown that the differential cross-section
of the H(d,d′)X reaction can be satisfactorily described by
hadron-hadron double scattering. The amplitudes of the
elementary processes NN → NN∗ have been extracted for
the N∗(1440), N∗(1520), and N∗(1680) resonances [7].

The experiments have shown a large negative value of
T20 at a momentum transfer t of ∼ −0.3 (GeV/c)2. Such
a behaviour of the tensor analyzing power has been inter-
preted in the framework of the ω-meson exchange model
[12] due to the longitudinal isoscalar form factor of Roper
resonance excitation [13]. The measurements of the tensor
and vector analyzing powers Ayy and Ay at 9 GeV/c and a
85 mr emission angle of secondary deuterons in the vicin-
ity of an undetected system mass MX of ∼ 2.2 GeV/c2

have shown large values which are not explained yet the-
oretically.



410 The European Physical Journal A

Fig. 1. Layout of the SPHERE setup with beam line V P1.
Mi and Li designate magnets and lenses, respectively; IC is
an ionization chamber; T is a target; F61, F62, F63 are trigger
counters; F561−4 are scintillation counters and HT is a scin-
tillation hodoscope for TOF measurements; H0XY and H0UV
are beam profile hodoscopes.

In this paper, we report new results on the tensor and
vector analyzing powers Ayy and Ay in deuteron inelastic
scattering on a beryllium target at an incident deuteron
momentum of 4.5 GeV/c and a∼80 mr secondary emission
angle. Details of the experiment are described in sect. 2.
A comparison with the existing data and theoretical pre-
dictions is made in sect. 3. Conclusions are presented in
sect. 4.

2 Experimental method

The experiment has been performed using a polarized
deuteron beam at the Dubna Synchrophasotron and the
SPHERE setup shown in fig. 1 and described elsewhere
[14]. The polarized deuterons were produced by the ion
source POLARIS [15]. The sign of beam polarization
changed cyclically and spill-by-spill as “0”, “−”, “+”,
where “0” means the absence of polarization, “+” and
“−” correspond to the sign of pzz with the quantization
axis perpendicular to the plane containing the mean beam
orbit in the accelerator.

The tensor polarization of the beam was periodically
measured during the experiment from the asymmetry of
protons in the deuteron breakup reaction on nuclear tar-
gets, d + A → p + X [16]. This reaction at a zero emis-
sion angle and a proton momentum of pp ∼ 2

3pd has a
very large tensor analyzing power T20 = −0.82 ± 0.04
which is independent of the atomic number of the tar-
get (A > 4) and the momentum of incident deuterons
between 2.5 and 9.0 GeV/c [17]. The tensor polariza-
tion averaged over the whole duration of the experiment
was p+

zz = 0.798 ± 0.002(stat) ± 0.040(sys) and p−zz =

−0.803 ± 0.002(stat) ± 0.040(sys) in “+” and “−” beam
spin states, respectively.

The stability of beam vector polarization was mon-
itored by measuring the asymmetry of quasi-elastic pp-
scattering on a thin CH2 target placed at focus F4 of
the VP1 beam line ∼ 20 m upstream the setup [18].
The values of vector polarization were obtained using the
results of asymmetry measurements at a momentum of
4.5 GeV/c per nucleon and a 8◦ proton scattering an-
gle and the corresponding value of the effective analyzing
power of the polarimeter A(CH2) taken as 0.146 ± 0.007
[19]. The vector polarization of the beam in different spin
states was p+

z = 0.231 ± 0.014(stat) ± 0.012(sys) and
p−z = 0.242 ± 0.014(stat)± 0.012(sys).

The slowly extracted beam of tensor-polarized
4.5 GeV/c deuterons with an intensity of 5 · 108 parti-
cles per beam spill was incident on a beryllium target 20
cm thick positioned at focus F5 of the VP1 beam line (see
fig. 1). The beam intensity was monitored by an ionization
chamber placed in front of the target. The beam positions
and profiles at certain points of the beam line were moni-
tored by the control system of the accelerator during each
spill. The beam size at the target point was σx ∼ 0.4 cm
and σy ∼ 0.9 cm in the horizontal and vertical directions,
respectively.

The data were obtained for six momenta of secondary
particles between 2.5 and 4.0 GeV/c. The secondary parti-
cles emitted at ∼80 mr from the target were transported to
focus F6 by means of 3 bending magnets (M0 was switched
off) and 3 lenses doublets. The acceptance of the setup
was determined via Monte Carlo simulation taking into
account the parameters of the incident deuteron beam,
nuclear interaction and multiple scattering in the target,
in the air, windows and detectors, energy losses of pri-
mary and secondary deuterons etc. The momentum and
polar angle acceptances were ∆p/p ∼ ±2% and ±8 mr,
respectively.

The coincidences of signals from scintillation coun-
ters F61, F62 and F63 were used as a trigger. Along with
the inelastically scattered deuterons, the apparatus de-
tected the protons originating from deuteron fragmenta-
tion. The time-of-flight (TOF) information with a base
line of ∼ 34 m between start counter F61 and stop coun-
ters F561 − F562, F563 − F564 and a scintillation ho-
doscope HT was used for particle identification in the off-
line analysis. The TOF resolution was better than 0.2 ns
(1σ). The TOF spectra obtained for all six cases of tuning
the magnetic elements are shown in fig. 2. At the higher
momentum of detected particles, only deuterons appear
in the TOF spectra. However, a relative contribution of
protons becomes more pronounced with decreasing mo-
mentum. In data processing, useful events were selected
as the ones with at least two measured time-of-flight val-
ues correlated. This allowed one to rule out the residual
background completely. A two-dimensional TOF plot for
the detected events with tuning the magnetic elements for
3.6 GeV/c is shown in fig. 3.

The measurement without a target was made for a
secondary particle momentum of 4.0 GeV/c. The ratio of
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Fig. 2. TOF spectra obtained for different tuning magnetic
elements. The panels a), b), c), d), e) and f) correspond to
secondary deuteron momenta of 2.5, 2.75, 3.0, 3.3, 3.6, and 4.0
GeV/c, respectively.

Fig. 3. Two-dimensional plot of two different TOF over a
baseline of ∼ 34 m at a beam line momentum of ∼ 3.6 GeV/c.

the deuteron yields without a target to a 20 cm beryllium
target was less than ∼ 1%.

The tensor Ayy and vector Ay analyzing powers were
calculated from the numbers of deuterons n+, n− and n0,
detected for different states of beam polarization, normal-
ized to the corresponding beam intensities and corrected

for the dead time effect [20]. The calculations were carried
out by the expressions

Ayy = 2
p−z · (n+/n0 − 1) − p+

z · (n−/n0 − 1)
p−z p+

zz − p+
z p

−
zz

,

Ay = −2
3
p−zz · (n+/n0 − 1) − p+

zz · (n−/n0 − 1)
p−z p+

zz − p+
z p

−
zz

. (1)

These expressions, taking into account different values of
polarization in different beam spin states, are simplified
significantly when p+

z = p−z and p+
zz = −p−zz.

The data on the tensor Ayy and vector Ay analyzing
powers in deuteron inelastic scattering obtained in this
experiment are given in table 1. The reported error bars
are statistical only. The systematic errors are 5% and 8%
for Ayy and Ay, respectively.

The values of secondary deuteron momentum p, width
(FWHM) of momentum acceptance ∆p, 4-momentum t,
and missing mass MX given in table 1 are obtained from
Monte Carlo simulation. The t-dependence of the differ-
ential cross-section of the (d,d′)X reaction was taken in
the form

d2σ

dtdM2
X

∼ e−b|t|, (2)

where the slope b = 18(10)(GeV/c)−2 for MX ≤1200
(MX >1200) MeV/c2 [4]. The averaged momentum of
the initial deuteron equals 4.465 GeV/c due to the energy
losses in the target.

Since a relatively thick target (36 g/cm2) was used,
two-step process, where the deuteron, after its first inter-
action in the target, elastically scatters on the bound nu-
cleon can contribute. Monte Carlo simulations shows that
the contamination of deuterons from this process is no
more than 0.5% at a 4.0 GeV/c momentum of secondary
particles and decreases with decreasing momenta.

The values of missing mass MX given in table 1 were
calculated under the assumption that the reaction oc-
curs on a target with proton mass. In this case, the 4-
momentum transfer t and missing mass MX are related as
follows:

M2
X = t + m2

p + 2mpQ, (3)

where mp is the proton mass and Q is the energy difference
between the incident and scattered deuterons. The dashed
area on the kinematic plot given in fig. 4 demonstrates
the region of 4-momentum t and missing mass MX cov-
ered by the setup acceptance in the present experiment.
The dashed line corresponds to an initial deuteron mo-
mentum of 4.5 GeV/c and a zero emission angle [8]. One
can see that the same missing mass MX corresponds to dif-
ferent t under conditions of the previous [8] and present
experiments. In this respect, the data obtained at ∼80 mr
provide new information on the t behaviour of the tensor
analyzing power Ayy.
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Table 1. The tensor Ayy and vector Ay analyzing powers in the inelastic scattering of 4.5 GeV/c deuterons on beryllium at an
angle of ∼ 80 mr.

p ∆p(FWHM) t MX Ayy ± dAyy Ay ± dAy

GeV/c GeV/c (GeV/c)2 GeV/c2

2.577 0.111 −0.917 1.752 −0.178± 0.240 0.082± 0.272
2.822 0.127 −0.683 1.711 0.070± 0.159 −0.072± 0.179
3.067 0.139 −0.508 1.647 0.084± 0.096 0.053± 0.108
3.361 0.149 −0.345 1.549 0.211± 0.067 0.015± 0.075
3.651 0.165 −0.253 1.418 0.364± 0.056 0.155± 0.063
4.047 0.189 −0.165 1.196 0.293± 0.063 0.098± 0.071

Fig. 4. Kinematic plot of missing mass MX versus 4-
momentum t at an initial deuteron momentum of ∼4.5 GeV/c.
The dashed area demonstrates the region of 4-momentum t
and missing mass MX covered within the acceptance of the
present setup, while the dashed line corresponds to the condi-
tions (middle of the acceptance) of the experiment performed
at a zero angle [8].

3 Results and discussion

Figure 5 presents the data on the tensor analyzing power
Ayy in the inelastic scattering of 4.5 GeV/c deuterons
on beryllium at an angle of 80 mr as a function of 4-
momentum t (solid triangles). The Ayy has a large posi-
tive value of ∼ 0.3 over the range of |t| = 0.2–0.4 (GeV/c)2
and decreases towards zero at larger |t|. The data on the
tensor analyzing power obtained at a zero emission angle
for 4.5, 5.5 GeV/c [8] and 9.0 GeV/c [10] on hydrogen
are also given by the open triangles, squares, and circles,
respectively (recall that Ayy = −T20/

√
2 for these data).

One can see a good agreement of the data from our ex-
periment and the previous ones [8,10] in the region where
they overlap. The data show an approximative scaling as
a function of t with a minor dependence on incident mo-
mentum. One can also see, that there is no significant

Fig. 5. Tensor analyzing power Ayy in deuteron inelastic scat-
tering on beryllium for 4.5 GeV/c at an angle of 80 mr (full
triangles) and on hydrogen for 4.5, 5.5 GeV/c [8] and 9 GeV/c
[10] at a zero angle plotted as a function of the 4-momentum
t and shown by the open triangles, squares and circles, re-
spectively. The solid, dashed, dotted and dash-dotted lines are
predictions in the framework of PWIA using DWFs for Paris
[21] and Bonn A, B and C [22] potentials, respectively.

dependence of Ayy on the A-value of the target. This con-
firms the conclusions drawn earlier in connection with the
data at 4.5, 5.5 GeV/c [8] and 9.0 GeV/c [10] obtained at a
zero angle. The observed independence of the tensor ana-
lyzing power on the atomic number of the target indicates
that the rescattering in the target and medium effects (im-
portant for the ∆ excitation case [23]) are small. Hence,
nuclear targets are also appropriate to obtain information
on baryonic excitations in deuteron inelastic scattering.

The curves in fig. 5 are the predictions of the Ayy be-
haviour in the framework of the plane-wave impulse ap-
proximation (PWIA). Such a mechanism corresponds to
the diagram shown in fig. 6a. Within this approach, the
tensor analyzing power Ayy does not depend on the ele-
mentary amplitude NN → NN∗. It is defined by the charge
GC and quadrupole GQ form factors of the deuteron as
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Fig. 6. Diagrams representing mechanisms of baryonic excita-
tion in deuteron-nucleon collisions: a) plane-wave impulse ap-
proximation; b) and c) double-collision mechanism; d) ω-meson
exchange mechanism.

follows:

Ayy =
1
2
2
√

2GCGQ + G2
Q

G2
C + G2

Q

, (4)

where

GC(q) =
∫ ∞

0

(
u2(r) + w2(r)

)
j0(rq/2)dr , (5)

GQ(q) =
∫ ∞

0

2w(r)
(
u(r) − w(r)

2
√

2

)
j2(rq/2)dr . (6)

Here u(r) and w(r) are the S and D waves of the deuteron
wave function (DWF) in the configuration space; j0 and
j2 are the Bessel functions of the zero and second order,
respectively, and q2 = −t.

The solid line in fig. 5 is calculated with the DWF for
Paris potential [21], while the dashed, dotted and dash-
dotted lines correspond to the DWFs for Bonn A, B and
C potentials [22], respectively. A strong deviation of the
present data from the predictions of PWIA, as well as a
different behaviour of the tensor analyzing power in the
(d,d′)X process and in ed- [24,25] and pd- [26] elastic
scattering, indicates the sensitivity of Ayy to baryonic res-
onances excitation.

In the framework of the multiple-scattering model,
such a deviation may be due to a significant contribu-
tion of double-collision interactions corresponding to the
diagrams shown in figs. 6b and c. The diagram of fig. 6b
describes the situation where the resonance is formed in
the second NN collision whereas the resonance in the case
of fig. 6c, formed in the first NN interaction, is then elas-
tically scattered on the second nucleon of the deuteron.
The calculations have shown that the contribution of
the double-scattering terms is significant for |t| greater
than ∼ 0.4 (GeV/c)2 [7]. Therefore, in the framework of

the multiple-scattering model, the behaviour of the ten-
sor analyzing power Ayy is defined by the spin structure
of the deuteron and the elementary amplitudes of the
NN → NN∗ and NN∗ → NN∗ processes.

The sensitivity of the tensor analyzing power in
deuteron inelastic scattering off protons to the excitation
of baryonic resonances is pointed out in the framework
of the t-channel ω-meson exchange model [12]. The dia-
gram corresponding to this model is shown in fig. 6d. The
cross-section and polarization observables can be calcu-
lated from the known electromagnetic properties of the
deuteron and baryonic resonances N∗ through the vector
dominance model. The details of the model are given in
[12,13], and so we recall main points only briefly in this
paper.

In the framework of the ω-meson exchange model, the
tensor analyzing power in deuteron inelastic scattering is
sensitive to the ratio of the absorption cross-sections of
virtual isoscalar photons with longitudinal and transversal
polarizations by nucleons r = σL/σT [12]:

Ayy =
V 2

1 + (2V0V2 + V 2
2 )r

4V 2
1 + (3V 2

0 + V 2
2 + 2V0V2)r

. (7)

Here, the structure functions V0, V1 and V2 are related to
the standard electric GC, magnetic GM and quadrupole
GQ deuteron form factors [12,13].

In the case of N∗ resonance excitation, the ratio r can
be written as

rN∗ =
|Ap

l + An
l |2

|Ap
1/2 + An

1/2|2 + |Ap
3/2 + An

3/2|2
, (8)

where AN
l is the longitudinal form factor of N∗ excitation

on proton (N = p) or neutron (N = n), AN
1/2 and AN

3/2

are two possible transversal form factors corresponding
to the total γ∗ + N helicity equal to 1/2 and 3/2, re-
spectively. Therefore, in the framework of the ω-meson
exchange model in the t-channel [12,13], the tensor an-
alyzing power can be factorized in two parts which are
defined, on the one hand, by electromagnetic properties
of the deuteron and, on the other hand, by N → N∗ tran-
sition form factors.

The analysis of the t-behaviour of the tensor ana-
lyzing power for the d + p → d + X process [13] has
been performed using the results for the transversal and
longitudinal helicity amplitudes from an algebraic col-
lective string model of baryons [27] and taking into ac-
count finite width values for the P11(1440), S11(1535),
D13(1520), and S11(1650) resonances. However, only the
Roper resonance P11(1440) has a nonzero isoscalar lon-
gitudinal form factor. The other three considered reso-
nances cannot be excited by isoscalar longitudinal vir-
tual photons, since the isoscalar longitudinal amplitudes
of S11(1535) and D13(1520) vanish due to spin-flavor
symmetry, while both isoscalar and isovector longitudinal
couplings of S11(1650), D15(1675), and D13(1700) vanish
identically. Therefore, the t-dependence of the tensor ana-
lyzing power in deuteron inelastic scattering is defined in
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Fig. 7. Tensor analyzing power Ayy in the inelastic scattering
of 4.5 GeV/c deuterons on beryllium at an angle of ∼80 mr
from the present experiment and on hydrogen at a zero angle
[8] plotted versus t and shown by the full and open triangles,
respectively. The solid and dashed lines are the predictions of
the ω-meson exchange model [13] neglecting and taking into
account the resonance widths, respectively. The dotted and
dash-dotted lines correspond to string stretchability ξ values
of 0.5 and 1, respectively.

the framework of the ω-meson exchange model by the con-
tribution of the Roper resonance and the t-dependence of
the deuteron form factors [13]. In such an approximation,
the tensor analyzing power is a universal function of |t|
only, without any dependence on initial deuteron momen-
tum, if the finite values of resonance widths are neglected.

Figure 7 compares the data obtained at 4.5 GeV/c and
at ∼ 80 mr and zero angles (shown by the full and open
triangles, respectively) with the calculations performed in
the framework of the ω-meson exchange model [13]. The
deuteron form factors from [28], calculated in a relativis-
tic impulse approximation, and standard parameters of
the collective string model [27], namely, constituent quark
mass m = 0.366 GeV, magnetic moment µ = 0.127 GeV−1

and the scale parameter of the distribution a = 0.232 fm,
were used as model inputs. The solid and dashed lines
represent results of calculations neglecting and taking into
account the finite widths of the resonances, respectively.
One can see a reasonable agreement of the calculations
with the data up to |t| ∼ 0.3 (GeV/c)2, whereas a seri-
ous discrepancy is observed at larger |t|. Such a deviation
can be related to the contribution from the resonances
F15(1680) and P13(1720) neglected in the calculations.
Similar to the Roper resonance, they also have nonzero
longitudinal isoscalar form factors. Therefore, they can
significantly affect the t-dependence of the tensor ana-
lyzing power at large |t|. On the other hand, the model
based on the ω-meson exchange in the t-channel only can
be not adequate in this region, and harder processes, for

instance, baryonic excitation in dp-scattering in the one-
nucleon exchange approximation [29,30] should be taken
into account. Also, exchanges by other mesons (σ, η etc.),
as well as the double-scattering mechanism [1,7], may play
a significant role at large |t|.

In a string model of hadrons, one expects on the ba-
sis of QCD that a string elongates (hadrons swell) with
increasing excitation energy. The latter can be studied
within the collective string model [27] by introducing the
stretchability of the string ξ via the ansatz

a = a0

(
1 + ξ

W −M

M

)
, (9)

where a is the scale parameter of the collective string
model with a0 = 0.232 fm, M and W are the nucleon
and baryon masses, respectively. The stretchability of the
string ξ changes between 0 and 1. The dashed, dotted and
dash-dotted lines in fig. 7 are the calculated results in the
framework of the ω-meson exchange model [13] with the
values of ξ equal to 0, 0.5, and 1, respectively. One can
see a strong sensitivity of the tensor analyzing power to ξ.
As noted in [13] the introduction of hadrons swelling with
ξ ∼ 0.5–1 (the last value is consistent with the analysis of
the experimental mass spectra, Regge trajectories) gives
a better agreement with the experimental data obtained
between 3.7 and 9 GeV/c of initial deuteron momentum
[8–10]. However, the present data and the ones obtained at
4.5 GeV/c and a zero angle [8] for |t| ≤ 0.3 (GeV/c)2 can
be described in the framework of the ω-meson exchange
model using the value of string stretchability ξ ∼ 0.2.
On the other hand, the mechanisms of ∆-isobar excita-
tion in the projectile and Roper resonance in the target
(via σ-meson exchange) [31] should be additionally taken
into account in this region. However, in this case the t-
dependence of the tensor analyzing power is defined by
the interference between the mechanisms considered in
[31] and the ω-meson exchange contribution [13] which
is sensitive to the value of string stretchability ξ. There-
fore, the conclusions concerning the value of ξ cannot be
drawn only from the present experimental data in an easy
way.

The Ayy data from the present experiment (full tri-
angles) along with those obtained at a zero angle and
4.5, 5.5 GeV/c [8] (open triangles and squares, respec-
tively) for four different missing masses MX of about 1200,
1440, 1550, and 1650 MeV/c2 versus 4-momentum t are
shown in fig. 8 a, b, c and d, respectively. The solid and
dotted lines are the PWIA calculations using DWFs for
Paris [21] and Bonn B [22] potentials, respectively. The
points in fig. 8a correspond to the region, where the mech-
anism of ∆-isobar excitation in the projectile dominates
[31] and the tensor analyzing power is mostly defined by
the behaviour of the deuteron form factors. The dashed
lines in fig. 8 b, c, d are the predictions within the ω-
meson exchange model [13] for the excitation of the Roper
P11(1440), D13(1520) and S11(1535), and S11(1650) res-
onances, respectively. As noted above, the t-dependence
of the tensor analyzing power is defined by the longitu-
dinal form factor of the Roper resonance only because
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Fig. 8. The Ayy data from the present experiment (full tri-
angles) along with the data obtained with 4.5 and 5.5 GeV/c
deuterons at a zero angle [8] (open triangles and squares, re-
spectively) at four different missing masses MX plotted versus
4-momentum t: a) at MX ∼1200 MeV/c2, b) at MX ∼1440
MeV/c2, c) at MX ∼1550 MeV/c2, and d) at MX ∼1650
MeV/c2. The solid and dotted lines are the PWIA calculations
using DWFs for Paris [21] and Bonn B [22] potentials, respec-
tively. The dashed lines are predictions within the ω-meson
exchange model [13].

the longitudinal form factors of the D13(1520), S11(1535),
and S11(1650) resonances vanish [13]. In the latter case,
the tensor analyzing power Ayy is independent of t and
equals +0.25. One can see that while the behaviour of
Ayy is not in contradiction with the ω-meson exchange
model prediction [13] in the vicinity of the Roper reso-
nance (fig. 8b) and MX ∼ 1550 MeV/c2 (fig. 8c), a devia-
tion from a constant value of +0.25 is observed at MX ∼
1650 MeV/c2 (fig. 8d). However, as mentioned above, at
these missing masses it may be necessary to consider ad-
ditional contributions from the F15(1680) and P13(1720)
resonances which also have nonzero longitudinal isoscalar
form factors, and so they can significantly affect the t-
dependence of the tensor analyzing power. Note also that a
lot of resonances contribute at fixed MX due to their finite
widths since we study the inclusive (d,d′)X reaction, while
the theoretical predictions in fig. 8 are obtained for sep-
arate contributions of the Roper, S11(1535), D13(1520),
and S11(1650) resonances. In this respect, exclusive (or
semi-exclusive) measurements with the detection of reso-

nance decay products could help to distinguish between
the contributions of different baryonic resonances.

The values of the vector analyzing power Ay are small
and have large error bars. However, the value of Ay in the
vicinity of Roper resonance excitation is 0.155 ± 0.063,
which is not negligible. In the framework of PWIA (see
fig. 6a), such a fact can be considered as a significant role
of spin-dependent part of the elementary amplitude of the
NN → NP11(1440) process.

4 Conclusions

We have presented the data on the tensor and vector ana-
lyzing powers Ayy and Ay in inelastic scattering (d,d′)X of
4.5 GeV/c deuterons on beryllium at an angle of ∼80 mr
in the vicinity of the excitations of baryonic masses from
1.2 up to 1.75 GeV/c2. This corresponds to the range of
4-momentum |t| between 0.17 and 0.90 (GeV/c)2.

The data on Ayy demonstrate an approximate t scal-
ing when they are compared with the results obtained at
a zero angle [8,10]. It is also seen that Ayy does not de-
pend on the A-value of the target. These features of the
data indicate that the rescattering, final state interaction,
medium effects in nuclei, which depend on kinematics, do
not affect the behaviour of the tensor analyzing power sig-
nificantly.

A strong deviation of Ayy in the (d,d′)X process from
the PWIA prediction, as well as from the behaviour of the
tensor analyzing power in ed- [24,25] and pd- [26] elastic
scattering, suggests the sensitivity of this observable to
the excitation of baryonic resonances via double-collision
interactions.

The behaviour of the Ayy data obtained in the vicin-
ity of the Roper P11(1440), S11(1535) and D13(1520) res-
onances is not in contradiction with the predictions of the
ω-meson exchange model [13] while this model may re-
quire to take into account additional baryonic resonances
with nonzero longitudinal form factors at higher excited
masses. Such additional mechanisms as double-scattering
[1,7], exchanges by other mesons [31] or N∗ excitation in
the u-channel [29,30] should be also taken into account.

Exclusive polarization experiments with the detection
of resonance decay products could significantly advance
the understanding of the excitation mechanism of differ-
ent baryonic resonances and spin properties of their inter-
actions with nucleons.
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3. L.S. Azhgirĕı et al., Yad. Fiz. 27, 1027 (1978) (Sov. J.

Nucl. Phys. 27, 544 (1978)); L.S. Azhgirĕı et al., Yad. Fiz.
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