


Introduction

The research of the deuteron structure in the relativistic range-is of
eminent interest for relativistic nuclear physics in connection with fun-
damental problems - confinement, spin crisis, vacuum structure, etc. It
is known that the deuteron is the most simple bound system consisting
of nucleons and therefore it was intensively investigated experimentally
as well as theoretically. The existence of relativistic polarized deuteron
beams (Dubna, Saclay) opens further possibilities and the hope to receive
new information on the high momentum component of the deuteron - the
strong-coupling polarized state of the system when its size becomes less
than one of the free constituents and in this way forms a droplet of quark
matter.

The simplest reaction and the basic one to understand the deuteron
structure itself, the peculiarities and mechanisms of hadron-deuteron and
nucleus-deuteron interactions is the p + D — p’ + X process in the kine-
matical region forbidden for single nucleon targets.

The experimental data for the fragmentation cross section of the un-
polarized deuteron was presented in Ref. [1-3]. This data was numerically
discussed in the framework of relativistic dynamics on the light-front [2-6].
In the analysis were used relativistic wave functions obtained from nonrel-
ativistic ones (Paris, Bonn, Reid). The argument of the latter means the
relative nucleon momentum in the center of mass frame of the nucleon pair.
The relativistic kinematic was taken into account as well. The analysis of
this data shows that the spectator mechanism dominates in the region
¢ < 0.2 GeV/c (g is the nucleon momentum in the deuteron rest frame).
A shoulder appeared in the region ¢ = 0.2 — 0.4 GeV/c and enhances the
theoretical calculations based on the impulse approximation with differ-
ent deuteron wave functions. This enhancement was connected with the
resonance pion mechanism due to the A-isobar production. At the same
time the value of this contribution is strongly depending on the off-mass
shell behaviour of the NN — 7X vertex. The range of momentum ¢ > 0.4
GeV/c up to the kinematic limit is extremely interesting because namely in
this range according to theoretical assumptions the transition to the quark
level may be possible and the number of final states of the p+ D — p' + X
process is strongly restricted.

The experimental results of the fragmentation process for tensor polar-
ized deuterons to protons was presented in Ref. [3,7]. The tensor analyzing

power Tyg was measured at Dubna up to ¢ = 0.51 GeV/c and at Saclay up .
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to ¢ = 0.42 GeV/c. The theoretical description of T3¢ up to ¢ = 0.2 GeV/c
including only spectator mechanism is in good agreement with the data.
In the intermediate region, contributions from different reaction mecha-
nisms are obvious and their magnitudes are intensively investigated [8,9].
In the deep cumulative range (¢ > 0.4 GeV/c) strong disagreement be-
tween the data and standard calculations in the impulse approximation is
observed. It was shown in Ref. [11] that the momentum of the incident
proton at Dubna and Saclay is not sufficient to transit to the asymptotic
regime where mass corrections of the NN — 7X vertex and the absence
of the cross section factorization must be taken into account. Under these
assumptions the calculated momentum dependence of T3 on the incident
proton momentum is in good agreement with the observed data.

The last experimental data on the vector polarized -deuteron fragmen-
tation to polarized protons was presented in Ref. [12,15]. This data was
analyzed in Ref. [10] taking the rescattering and absorption mechanisms
into account. In Ref. [11] the dependence of vector polarization trans-
fer coefficient (K) on the incident proton momentum and the asymptotic
behaviour of this observable were predicted.

In the present paper we consider the fragmentation processes
p+D - p+X,p+D —>5'"+X,p+D > p + X of tensor, vec-
tor and unpolarized deuterons to protons in the framework of the covari-
ant approach in the light cone variables on the basis of the relativistic
deuteron wave function with one nucleon on-mass shell [16-19]. We in-
vestigate the dependence of the tensor analyzing power Tyo and vector
polarization transfer coefficient K on the inomentum of nucleon-spectator
scattering at the angle 6, = 140°,180° and the momentum of the incident
proton k, = 4.55,8.9,50,10° (GeV/c). Calculation of polarization char-
acteristics for different deuteron and proton spin orientations were made.
The obtained results were compared with the asymptotic behaviour of
these observables and the experimental data. The experimental verifica-
tion of the predicted momentum and angular dependencies of the tensor
analyzing power and the vector polarization transfer coefficient near the
kinematical limit is of great interest.

1. Relativistic Impulse Approximation for the Deuteron

The impulse approximation is based on the assumption of the inde-
pendent interaction of the incident particle () with constituents (N) of

Figure 1: The amplitude of the A+ D — I’ + D’ process in the [A (2). The
imaginary part of the forward amplitude of the A + D — h 4+ D process in
the IA (b).

the deuteron (D). In this approximation the amplitude of the process is
described by the Feynman diagram (Fig.1(a)).

Here k,(k,), p(p'), k(k') are momenta of the incident (final) particle,
the deuteron and of the deuteron constituent, respectively. The top block
is the amplitude of the 4 + N — A’ + N’ process, the bottom one is the
amplitude of the N + D — N’ 4+ D' process.

In the nonrelativistic limit (k% ~ m?2, k'2 ~ m?) both nucleons are near
mass-shell due to the small binding energy e¢p < m. The constituents of
the deuteron are nucleons. This assumption is proved experimentally. All
deuteron models take this fact into account. In this limit according to the
optical theorem the imaginary part of the forward scattering amplitude
Fig.1(b) is connected with the cross section of the process. The proton
deuteron cross section (or other observables) is expressed via the proton
constituent cross section and the deuteron wave function. The hypothesis
of the amplitude factorization was used as well.

In the RIA the one nucleon approximation is widely used too. The ba-
sic object of the investigation is the DN N vertex connected with the rela-
tivistic deuteron wave function (RDWF). Different relativistic approaches

+[4,5,19-21] were used to construct the RDWF. In the framework of covari-

ant approaches in the relativistic region the constituents leave the mass
shell and their properties may be different from free ones. Therefore the
hypothesis of the amplitude factorization and consequently the cross sec-



tion factorization may be violated. Note that in these approaches the
DNN vertex describes not only the NN component of RDWF (S and
D-waves) but also the NN pair production component of the RDWF (P-
wave). In the relativistic region the contribution of the last mechanism
may be considerable and the investigation of it may give the information
on the vacuum structure.

2. Tensor Analyzing Power Ty of the p + D — p'+ X Process in
the Relativistic Impulse Approximation

In the RIA the tensor analyzing power T of the p+D — p’+ X process
in the framework of the covariant formalism in the light-cone variables with
the RDWF [18] is dcfined by the formula
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Here p, 5, paﬁ are the unpolarized and the tensor polarized parts of the

polarization deutcron density matrix. The tensor A( . is expressed via the
DN N vertev functinn T, as fallawe

A‘(;‘) = (m+ k) ' To(m+ §Ts(m + /:')_](Ihcp + am + Bk).

Figure 2 shows calculation results of the dependence of T on the mo-
mentum of the proton-spectator scattered at the angle 8, = 140°, 180° for
the momenta k, = 4.55,8.9,50,10% GeV/c of tlic incident proton. During
the calculation the mass parameters a = 1., § = 0. were used. It is seen
a noticeable dependence of Ty on the momentum k,. With increasing kp
the T3 tends to the asymptotic limit. Note that all curves at 8, = 180°
do not cross the dashed line, with decreasing #,s they move up and cross
the dashed line at ¢ = 0.54 GeV/c.

Figure 3 shows the comparison of the our results of T59 with experi-
mental data [3,7]. Good agreement between theory and experiment can
be seen at k, = 4.55 GeV/c. At the low momentum k, = 1.75 GeV/c it is
necessary a more detailed calculation of the exclusive p+ D — p'+ p+n
process to describe the inclusive p+ D — p’ + X one. During the calcu-
lation parameters a = 0.5, # = 0. were used. Note that our curves for all
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Figure 2: Tensor analyzing power Tyg of the p+ D — p’ + X process in the
RIA: (a) 8, = 140°, (b) 0,y = 180°.

momenta k, at 8, = 180° don’t cross the dashed line in contrary to other
results [3,6,7] I‘llc reason of this, in our opinion, is the violation of the
amplitude factorization in the relativistic region.

3. Vector Polarization Transfer Coeflicient of the p+ D — 7'+ X
Process in the Relativistic Impulse Approximation

The vector polarization transfer cocfficient fromn deuteron to proton is
able to give independent information on the deuteron spin structure in
the relativistic region. In the RIA this obscrvable in the framework of

“covariant formalism in the light-cone variables [19] is defined by formula
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Figure 3: Tensor analyzing power Ty of the p+ D — p' + X process in the
RIA. Experimental data: o - Dubna [7), x - Saclay [3).
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Figure 4: Vector polarization transfer coefficient for the p+ D — 5’/ + X
process in RIA. (a) - noncoplanar and (b,c) - coplanar kinematics.




Here pf:g is the vector part of the polarization deuteron density matrix.

The tensor Ag’ﬁ) is expressed as follows

AL) = (m + k) Tayss(m + §)Ta(m + 5)™ (ky + am + BE).

Figure 4 shows calculation results of the dependence of Ky, K3, K3 on
the proton-spectator momentum and the scattering angles 8, = 140°,180°
for the momenta k, = 4.55,8.9,50,10% GeV/c of the incident proton. The
parameters a = 1., B = 0. were used. Also various kinematics (noncopla-
nar - (a) and coplanar - (b,c)) for different deuteron and proton-spectator
spin orientations are considered. In the first kincmatic (a) spin vectors of
the deuteron and the proton-spectator are perpendicular to the scattering
plane. In the other cases their spin vectors lie on the scattering plane.
They are perpendicular (b) or parallel (c) to momenta of the incident pro-
ton and the proton-spectator, respectively.

In Fig.4(a),(b) it is shown that the curves for 8, = 180° do not differ
from each other. But with decreasing 6, these curves have different be-
haviour. They are tending to the asymptotic hehavior with increasing k,
and have a node near the momentum ¢ = 0.3 GeV/c. Curves in Fig.4(c)
have different qualitative behaviour from the above ones and a strong an-
gular dependence both at small ¢ < 0.1 GeV/c and large ¢ > 0.4 GeV/c.

Figure 5 chows onr calenlation rosnlte and ovporimental data [12.18]1 on
the vector polarization transfer cocflicient in the first kinematic. Dubna
data [15] is preliminary. Good agreement between theory and experiment
is observed. During the calculation the mass parameters « = 0.5, 8 = 0.
were used. The comparison of Saclay and Dubna data shows a similar
dependence on the incident proton momentum. Such a dependence was
predicted in Ref. [L1]. The continuation of the measurement of K to
the region ¢ = 0.5 — 0.6 GeV/c is of great interest for the understanding
of the deuteron spin structure and the comparision with other theoretical
calculations.

4. Inclusive Cross Section for the p+ ) — 7/ + X Process in the
Relativistic Impulse Approximation

Now we present the calculation results of the inclusive cross section for
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Figure 5: Vector polarization transfer cocflicient K for the p+ D — P'+X
process in RIA. Experimental data: A - [13], x - [12], o - [14}, 0 - [15].
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Figure G: Inclusive cross scction for the p+ D — p' + X process in the RIA.
Experimental data: x - [1], o - [2].
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this process. In the RIA it is defined by the expression

Bo (v}  of _tot
EW =K-A4A,5- Pluy” TN

where K is a kinematical factor, a;‘}\‘, is the total cross section of the p+ N —
X process.

We have investigated the momentum dependence of the cross section on
the mass parameter « and the restriction due to the kinematical boundary
of the reaction.

Figure 6 shows the results of our calculation of the cross section with
RDWTF [18]. Curves 1,2 are calculated for k, = 4.55,10% GeV/c without
taking into account the kinematical boundary of the reaction. Curves
3,4,5 include this restriction by the model kind and show ambiguities near
" the kinematical limit. During the calculation the mass parameters a =
0.5, 8 = 0. were used. It is secen that far from the kinematical boundary
curves 1,2 lie above the data [2] and curves 3,4,5 agree with them. Our
results show that the contribution of the RIA to the cross section is very
important for the estimation of other mechanisms. Note that there is a
difference between the data at k, = 4.55 GeV/c and at k, = 8.9 GeV/c
where the mass correction may give a considerable contribution. In our
opinion, that means that at these momenta the asymptotic regime is still
not reached . Tt is necessary ta ga to higher enerpiec tn verify the nredictinn

of the dependence on the incident proton momentum.

Conclusion

The relativistic impulse approximation in the framework of the co-
variant approach is a nontrivial mechanism of the interaction of incident
particles with the deuteron constituents. In the relativistic region it takes
into account the nucleon off-shell effect, NN pair production and in the
deep cumulative region (near the kinematical limit) possibly the vacuum
structure itself. The RIA is a powerful theoretical instrument for the de-
velopment not only of the deuteron theory but generally of the relativistic
discription of many body systems.
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