


1- INTRODUCTION

The study of the lightest nuclei structure remains the problem of extreme
importance in modern physms, and a wide program is envisaged to investigate
it using electron probes.

-On the other hand, such strong reactions as inclusive breakup of lightest
nuclei at zero angle are also expected to be quite a reliable source of informa-
-tion about their structure. The kinematical limit of such reactions is backward
elastic scattering (BES). An important advantage of the both breakup reac-
tions and BES is that the measured fragment momentum is directly connected °
to the argument of the nuclear wave function in the momentum space. That
is not so, for example, for elastic ed scattering. In the energy range of a few
GeV the squared 4-momentum transfer £ in BES is much larger in comparison
with the squared 4-momentum transfer u, and it is commonly accepted that
the u-channel predominates in this reaction.

The momentum distributions of nuclear fragments extracted from disinte-
gratlon experiments using both electron and hadron probes are quite similar
even in the region where they contradict seriously to the expectatlons based on
the Impulse Approximation (IA). :

As it is shown in refs.[1, 2, 3], the proton momentum distributions, extracted
both from deuteron breakup and backward elastic dp scattering dev1at1ng from
the IA expectations as much as twice at k of 0.3-0.4 GeV/c, are in good agree-
ment with one another and the distribution extracted from the d(e, e’p).

The resemblance of the deuteron momentum distributions extracted from
the cross sections of 3He(e, e'd) and A(®He, d) reactions is discussed in refs.[4,
5]. o
The triton distributions extracted from the A(*He,t)[6] and *He(e, e't)[7]
are quite similar even in the region where the deviation from the IA expecta-
tions is a factor of several orders. This circumstance makes one to doubt that
meson exchange currents (this effect is negligible for reactions with hadron
probes) are the main source of discrepancy between the IA calculations and
experimental data[7].

The substantial progress is achieved in measuring of polarization observables -
both in the deuteron breakup and backward elastic dp scattering at Saclay[8, 9]
and Dubna[10, 11]. The combined analysis of T» and the coefficient of polar-
ization transfer data shows that the discussed processes can not be described
in the framework of the IA until the deuteron is considered as the nucleon-
nucleon system, described by only $- and D-waves[9, 11]. The experimental
data on these two reactions have revealed quite a different behavior starting
from 0.2 GeV/c.

At present the question whether the observed effects are induced mostly by
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unknown peculiarities of the deuteron or by the reaction mechanism nonad-
equate to the IA, is unsolvable unambiguously in the framework of available
information and remains rather a subject of believing. So, it would be natural
to study new. polarization observables to figure out the situation. While the list
of useful polarization observables for the deuteron breakup reaction is prac-
tically exhausted, a measurement of any new polarization observable in BES
will be fruitful in understanding the deuteron structure. As it was shown in
ref.{12], BES for particles with spins of 1 and 1/2 can be described by only four
independent complex amplitudes. To determine all of them, even 7 correctly
chosen polarization observables would be enough. We discuss here mainly back-
ward elastic dp scattering. But all of the relations deduced here are valid also
for backward elastic 3He d scattering, which can become actual in the nearest
future.

Of course, the realization of the complete experiment (i.e. the set of ex-
periments allowing to determine unambiguously all components of the matrix

element) will not provide exhaustive information about the deuteron structure. -

For instance, only some of the 6 components of the deuteron wave function
(DWF) considered in ref.[13] contribute to the process under discussion. But
investigations using only electron probes would not give a complete knowledge
of the deuteron structure either. There is a number of problems which cannot
be resolved unambiguously in the framework of this program. It is enough to
mention the problem of meson exchange currents. So, we believe, the complete
experiment for BES would be necessary to understand better the. deuteron
structure and, in partlcular, clarlfy the following aspects: :

¢ relative role of different reactlon mechanisms, such as ON E, three nucleon
resonances, interaction in the initial and final states etc., including the
"study of the d - N + R vertex, where R is the so called fermion Regge
pole[14, 15].

e separation not only of S— and D— wave components of the DWF, but
also of a possible admixture of P—wave components[16], isobaric conﬁg—
urations, quark degrees of freedom[17].

The analysis of the complete experiment has been carried out .in terms of
model-independent parametrization of the spin structure of collinear backward
dp collisions. Such a formalism is not connected directly either to the deuteron
model or the reaction mechanism. Of course, the final goal is to connect the
completely determined matrix element with an adequate model of the deuteron.
But that is a subject of a separate investigation, and here we touch upon only
trivial relations between these two things.

For the first time a connection of polarization observables in this reaction
(T20) with S- and D-wave components of the DWF was considered in the frame-
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work of the IA in ref.[18]. For the first time a model-independent analysis to
calculate some of polarization observables was applied in ref.[12]. The IA expec-
tations for some additional polarization observables were obtained in ref.[19]. A
model-independent analysis of all possible cross section asymmetries was done
in ref.[14]. An interesting attempt to explain the obtained experimental data
was undertaken in ref.[20]. One more polarization observable was considered
there as well. v

In this paper we take the complete set of polarization observables connected

- to polarization of one of the final particles. Double and triple spin correlations

are considered. The IA expectations for the majority of them are given. As it
is shown below, about fifty polarization observables are possible for BES. Of
course, this set is too overdetermined respectively the complete experiment,
but the description of each of the observables is necessary to build a.reason-
able strategy of measurements. We mean a compromise in choosing between
the minimal set of observables and a more wide set of the less complicated
measurements. :

We have ma.na.ged to select the minimal set of measurements to rea.hze the
complete experiment. -

- Furthermore, in the conclusion we enumerate the accelerator faclhtles where
the program of the complete experiment for the d + p — p + d reaction could
be realized in one or another degree,

This paper is the extended version of the report[21]

2 FORMALISM

The process of elastic scattering of particles with spins of 1 and 1/2 at an
arbitrary angle is determined by 12 independent complex amplitudes[22]. The
collinearity condition when the total helicity of interacting particles is con-
served, reduce the number of independent amphtudes to 4. In terms of hehc1ty
a.mphtudes Faidg=agr, these are
Fiyats,  Fopooy, o (1)
Fots4-» Fojo-y, ‘
where Ag(Ap) corresponds to the deuteron (proton) spin projection onto the
beam direction (+1,0,-1 and +3 for deuterons and protons, respectively).

Any set of the amplitudes connected to the helicity amplitudes via an ar-
bitrary linear transformation is acceptable, in general, to describe the process
under consideration. Choosing scalar amplitudes g;(s), we proceed from the
maximum available simplification of calculations. ’

In terms of the chosen amplitudes the total amplitude has the following



form:
M = xiMx,, M=A+ioB, (2)
A = g1(s)[UU2 — (kU1)(RU3)] + g2(s) (kU ) (kU),
B = g3(s)[Ur x Uz ~ k(kU; x U3)] + ga(s)k(kU1 x U3),
where U1(U3) is a vector of the initial (final) deuteron polarization, x1(xz) is
a two-component spinor of the initial (final) proton, o are Pauli matrices, s is
the Mandelstam’s variable (squared total energy), k is a unit vector along the

beam direction.
Amplitudes g; are related to the helicity ones as follows:

For0+ = g2(s), @)
F_yot = 91(8) — ga(s).

F+4.-;++ = 91(3)+g4(3)’
Foyiy4- = —'\/593(3)’

It is clear from Eq. (3), that g,(s), 92(3) and g4(s) do not change the transversal
(91(s) and ga4(s)) or longitudinal (g2(s)) polarization of the initial deuteron,
and g3(s) describes the transition between the transversely (longitudinally)
polarized initial and final longitudinally (transversely) polarized deuterons. In
the latter case the proton spin is to be reversed.

We use the following parametrization of the initial polarization states:

1
p=3(1+aP) @
for protons, where P is a 3-pseudovector of the initial proton polarization, and
. 1 .3
" Pab = UlaUlb = E(Jab - 1§Eabcsc - Qab), (5)
Qup = Qba, Qaa =0

for deuterons, where pseudovector S and symmetrical tensor Qg characterize
the (vector) polarization and (tensor) alignment of the initial deuterons. We
shall denote the final particle polarizations by the same letters but primed.

Typical generalized Feynman graphs describing this process are shown in
Fig.1. The graph (a) is connected to such vertices asd - p+nord — p+ N*,
where N* is a nucleon-type resonance. )

The vertex p — d + 7 also emerges in the relativistic consideration[16}. In
all cases except X is the fermion Regge pole[14, 15}, the graph (a) is described
by real amplitudes. The second-order graphs (b) and (c) are connected to such
vertices as d — A + A[23], but X and Y can be accepted as some colored
objects. Amplitudes g; are complex in this case.

Here we consider in a more detailed way only the generalized graph (a). The
spin structure of the d = p+ N* vertex, where N* has the quantum numbers
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(a) . (b)

(c)

Figure 1. Generalized first- and second-order Feynman graphs corresponding to the
dp — pd reaction. Solid and dashed lines are baryons and mesons, respectively.

of the neutron, namely J* = %+, is described by S- and D— waves. In case of

:] P = %— (including the p — d + 72 vertex) the vertex spin structure is linear
in vector k and is described by two P-waves with spins of the p + N* (d+7)
system of 0 and 1 (1/2 and 3/2).

The corresponding matrix element can be written as

M = X;(MSD'f'MP)Xla. (6)

Msp = la(s)oU + {b(s) — a(s)}(ok)(kU,)]
x  [a(s)aUs + {b(s) - a(s)}(ok)(kU3)],
Mp = [pi(s)kU: +ip2(s)oU: x k] x [p1(s)kU3 — ip2(s)aU? x k),

where a(s), b(s), p1(s) and pz(s) are real. ,

) Comparing the matrix element (6) with the general structure (2), the am-
pl1tu$s gi(s) are found to be related to the newly introduced ones with the
expressions ' :

2, .2 2, 2
fr=a +py g2=b"+p1, (7)
g3=ab—pip2, gs=a’>~pj.

If the contribution of Mp is négligible, then the following relations take
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place:
S 01=0s 192=63 (8)
So, if there is some region of s, where amplitudes g;(s) are almost real, it will

be difficult to interpret inequality g; # g4 (if it is revealed) in another way but
as a signal about P-wave components in the deuteron.

3 POLARIZATION OBSERVABLES

A complete set of vector-tensor polarization correlations considered below is
restricted mostly by the P—invariance of strong interaction and collinearity
conditions as well. . :

The polarization structure functions (PSF) as coefficients near the vector-
tensor products are denoted as follows. Letters in the line denote the polariza-
tion.states being measured. These are p, s, g, i.e., the same but small letters
introduced to denote the initial particle polarizations. Superscripts correspond
to the implied initial polarization state. These are P, S, @, PS and PQ. Within
this definition an arbitrary space orientation of the initial polarizations can be
spanned by several independent vector-tensor products. We distinguish the
corresponding PSF using the lower numerical indices. In the framework of our
approach it is easy to see that a number of specific measurements beyond of the
set of standard polarization observables can be suggested (see Appendix A).
That is why we don’t follow exactly to commonly accepted denotations[24, 22].

To make formulae more compact, subsidiary vectors @ and Qp are intro-
duced:

Qa = Qabkln QPa = Qabe- (9)

3.1 Cross section asymmetries

. The dependence of the cross section on the initial state polarizations can be
expressed as:

do _ [do ‘

= = (= 10

dg (dﬂ) o B (10)
F = [14+a?Qk+adP°PS +al®(kP)(kS)+aP%P x Q),

where (do/df2), is the differential cross section for unpolarized particles in the

" initial state.

The PSF «@ characterizes the tensor analyzing power of the considered
reaction (when the aligned deuterons interact with unpolarized protons).

The PSF a5, af®, aP? determine the asymmetries of cross sections in-

duced by spin correlations between the initial particles.
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The PSF a”? considered earlier in ref.[14], characterizes the simplest T—odd
correlation stipulated by the nontrivial mutual orientation of the deuteron
alignment and proton polarization in the initial state. It should be mentioned
that nonzero effect for such a correlation in the total Jﬁ cross section could be
a signal of real T-invariance violation[25]. But for each separate channel of the
dp collision the unitarity condition is not obligatory and a possible source of
nonzero effect is more trivial: if a process is described by more than one complex
amplitude, the phase shift between them leads to the effect being considered.
In our case effects of that type could achieve dozens of percents.

After summing over polarizations of final particles, (do/df2), can be ex-
pressed via scalar amplitudes g;(s) as:

do 1 : '
(m)o =D =3 (2g1]° +g2I* + 4lgl*+ 2|g4l) , (11)
and the PSF aXY as: |
1
a? = = (lo:f® ~ lg2l* — lgsl” + loaf) (12)
1 ' ' |
af’ = 5Re(g1 +92 ~ 94)93,
1_ .y \
a2PS = ' b—Re[Zg1g4 - (gl +g2 +g3 - g4)g;]’
2 ' |
aPQ = | Elm(fh —-g2+ g‘l)g;'

3.2 - Final proton polarization

The final proton polarization can be presented as a sum of vectors:

P = PP 4 pS4 pe, pPs +PPQ’ )
where ) , _ , :
P? = p{P+pfk(kP), ' L (14)
P° = p{S+pSk(kS), ' ’ - o
P? = p?Q xk, ‘
PP = pPSP x S+ piSk(kP x S)+ pLS (kS)k x P,

PP? = p°P(Qk)+p;°k(kP)(QK) +pi?Q(kP)
+ P4 °k(PQ)+pi°Qp.
The PSF pXY are expressed via the scalar amplitudes g; as:

1
o= 3p @il + g2l - 2lgal?), (15)
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P = §—D~(—Iyslzfly4lz),

1 .
P = BRe(m + 92 + 94)93, (16)
1 T *
Pf = BRC [2919; — (9g1+92—g3 +g4)g3] ’
p? = —o—Tm(—g + 92+ 9203, (17)
3FD .
¥ = F Dlm(sh + g2 + 94)93» py° = 7 Dlmgsg4, (18)
e = FDIm[ 29193 + (91 + g2 + 94)93], (19)
PQ _ 2 2 2 g4, (20)
Py 3FD == (l911* = lg2|* + lgsl |924| )
2 PQ _ .
Q — — — 2 —_— R —_ — + ,
P = 3 7D lgs —g4l®, 3 = 3FD e(g1 — 92— 93 94)93
P
rQ Re(—sh + yz - ys + y4)y3, ‘ Ps %= 3FD lgs!?,

Pa T 3FD

where F and D are defined by Eqgs. (10) and (11), respectively.
The IA expectation for pf” is firstly considered in ref.[19]. The observable
pQ is firstly considered in ref.[20].

3.3 Final deuteron polarization

The dependence of the final deuteron polarization on the polarization of the
initial particles, has the same vector-tensor structure as for the final protons.
The PSF s¥Y are expressed via amplitudes g; as

sV =pf, s =p3, (21)
3
$§ = 550 +0:f ~ lgs - 02" + 2lgal’) (22)
3 .
sg = 2D (Igllz - lyalz + |g4|2 - Reglgz) 3
1
¢ = FDIm.qlgz’ (23)
o .

i
Y

P = ﬁ,s—l—)lmggg;, sPS = 2F3DIm (9195 — (92 — g3)9i], (24)
55° = 5 ; pimi=g195 + (92 + g3)gi, |
Fe = Relgi - ol $5° = s Rels — 0a)lao— 0a)", (25)
D
559 = ;%Re [9295 — (91 + 93 — 94)93],
8.,PQ = 0, SfQ = —%Re(.‘h — g4)93

The IA expectation for s3 is firstly considered in ref.[26].

J.4 Final deuteron alignment

In comparison with Eq. (13), the general expression for the final deuteron
alignment @7, contains an additional term not connected to the initial state
polarizations:

Qu = Q2 + QT+ Q@5 + Q% + QFF + QFL. . (26)

Six tensors 11; Eq. (26) are expressed via vector-tensor products as:
o 0 1
ab = @ (kaks— -3-6(,5), (27)
Q= a"(kalk x Py + ko[k x Pla),

S = @ (ka[k x S)s + ks[k x Sa),

Q% = 4P Qus+ 1 lhaks — 0)(QK) + a8 (ko Qo+ Qo — S0 QR),
QF = o (kaks - —Jab)PS+q 3" (kaky — ';‘(Sab)(kp)(kS)
+ 457 (SaPy+ SpPa — §‘SabP5) + 457 (kaSp + kpSa ~ Ed(wkS)kP
+ afS (kaPy+ by Po — S5,k PIRS,
beq = PQ(kakb - 1t5al,)kQ x P

+ P[ka]b-Jr-Pb[kXQ]a"_akaXP)

+ 43°(Qulk x Plo+ Qulk x Pla - ga‘,.,,kp % Q)



P2 (ko[k x Py + kol x P),)Qk
5% (kalk x Qs + ko[k x Q]o)kP
a8 2 (Eamn PQub + €bmn PmQna)
a7 (ka[k x Qpls + kolk x Qpla)
a3 2 (kaQom[k X Pl + ks Qam[k x Plm)
+ 42 eamnkmQnb + EmnknQus)kP.

+ + + + +

The PSF qu are expressed via the scalar amplitudes g; as

q = aQ7 (28)
1
¢’ = 9 (30)
qQ = (,91‘2 |g4f2) (IQ = ‘_1—‘91 _QZIZ (31)
1 3FD k 2 7 3FD '
i = 3FD( 911 = lgal* +loal* + Regug3)
S = L Re(g—g)el, oF5= —-LRe(g - 92)(93 —94)", (32)
1 D 2)93, 2 FD 1—92)(g3 —g4)
5° = sppRelon +94)g3,
@° = gppRell-o1+9s-0a)el + 0203, @5 =0,
£ = lml-gitgr—o0)sh 5% = —Tm(gs — g2)g3, (33)
2 3FD » B 3FD >
P 1 .
G° = %Im(gl g2)(g5 —94)"s @ o= 3FDIm9193’
P 1 . P
¢ = —3—135111’1!/394, QfQ_Q4Q—‘IsQ_q ?=o.

4 STRATEGY OF MEASUREMENTS

The choice of the least set of experiments to determine completely the matrix
clement can be varied in dependence on existing experimental conditions. Here
we would like to suggest one of possible minimal sets.
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There is a number of observables linear in |g;|2. Four of them will be enough
to determine moduli of g;. As for phase shifts (p;;), the shortest way to the
final goal is to measure observables expressed via Img;g; (or Im(} gi)g})), i.e.
T-odd ones. Indeed, recalling that

Regig; = lgillgjl cospij,  Imgig; = |gillgj|sinpij,
one can see that these observables are odd functions of ¢;; which are free
from sign ambiguity in comparison with the observables, expressed via Reg; gj-
Besides, if the phase shifts are small, the task becomes linear in ¢;; (sin ¢ =~ o),
and only three observables should be measured to determine completely the
searched matrix element.

Taking into account that one of the observables, depending linearly on |g;|2,
a? (To), has already been measured in a wide energy range([8, 10}, the other
three are needed. There are only two observables of this sort among double
spin correlations. These are pf and p} (Eq (18)). The simplest triple spin
correlations for this purpose are p; ¢ and p ¢ (Eq. (20)).

The T-odd double spin correlations are a2 (Eq. (12)), p? (or ¢*) (Eq
(17) and 5@ (or ¢%) (Eq. (23)).

Except the measurement of p! the suggested experiments to determine
moduli of g; are rather complicated, and one can try to substitute them by a
more wide set of more simple experiments. The solution of this task can be
varied dependently on existing experimental possibilities.

Apart from the measurement of each new polarization observable is a step
(in one or another degree) towards the complete determination of the matrix
element, some of them are of particular interest. So, measurements of T-odd
observables provide the global estimation of the contribution of such second-
order Feynman graphs, as (b) and (c) in Fig.1. If the T-odd effects are revealed
to be small at some s, then the deviation of already existing data from the
IA calculation can be interpreted merely within the framework of the deuteron
structure. The contribution of such an intermediate vertex as NN — NA
(graph (b)) is expected in vicinity of /3 ~ 3.0 GeV[23]. The most probable
interval of the effects of 3-baryon resonances is +/s=3 ~ 3.5 GeV. At higher
energies a possible source of complexity of scalar amplitudes is the fermion-
Regge-pole (FRP)[15] exchange. In quark language it can be interpreted as
a generalized three quark exchange in the u-channel. The phenomenology of
FRP was very effective to describe the T+ N - 7+ N, 74+ N = 4+ N,
7+ N — p+ N reactions[27).

A number of polarization observables are sensitive to the contribution of
P-waves. It is commonly accepted that the total contribution of the P-waves
into the DWF does not exceed 0.5%. It is not realistic to observe effects of
such a level studying elastic ed scattering, where polarization observables are
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expressed via integral of the DWF components. But backward elastic dp scat-
tering is sensitive to local values of the DWF components (at least, in the first
order). All realistic DWF models predict intersection of zero by the S-wave. In
this region the effects induced by the P-waves could achieve dozens of percent,
because the total contribution of the only background in this case, the D-wave,
does not exceed 5%. The P-wave sensitivity of a®5 was illustrated in[12]. But
the most sensitive observables are those which are functions of (g1 — g4). These
are st 9 (Eq. (25)) and ¢¥ (Eq. (31)). In the absence of the P-wave admixture
the IA expectations for these observables gives 0.

For the cases when the nonvertical quantization axis of the initial deuteron
alignment is implied, the explicit expressions for the final particle polarizations
are given in Appendix A.

The connection of observables considered in thls section with the well known
representation Ca,g,4,6[22] and the IA expectation for them are given in Ap-
pendix B.

The deuteron constituents internal momenta from 0.2 to 1.0 GeV/c seems
to be the most interesting range to investigate this reaction. The corresponding
primary beam momentum range is 0.65 — 4.0 GeV/c for the proton beam and
deuterium target or 1.3 — 8.0 GeV/c — for the deuteron beam and hydrogen
target.

Of course, in realistic conditions of a finite angular acceptance one could

expect some effects induced by the rest 8 amplitudes. All these effects comprise
as a factor whether sin@ cos¢ or sin?@cos2¢ (in s.c.m.). So, due to sin @, the
contribution of the rest 8 amplitudes into the considered process does not ex-
ceed the level of 1% within an angular acceptance of 1 — 2°. But all relations
deduced above are valid with a much higher accuracy. The matter is, within
such a small -acceptance all statistics is integrated over ¢. That gives an addi-
tional several orders suppression of the background amplitudes due to integral
of cos ¢ over ¢ gives 0.

5 CONCLUSIONS

For the first time the complete set of polarization ‘observables including triple
spin correlations is considered for backward elastic dp scattering..

While investigating observables, linear in |g;|? and T-0dd ones, the complete
experiment can be reduced to measurements of only seven observables, if the
phase shifts between the amplitudes describing the process are not too large.

Under definite conditions (small phase shifts between g;) the P-wave com-
ponents of the deuteron can be discovered.

The T-odd observables have proved to be an 1mportant source - of mforma.-
- tion about the reaction mechanism. In particular, such an exotic object as the
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fermion Regge pole could be revealed.

The developed technique allows one to calculate all the TA expectations by
a more simple way than using the Clebsch-Gordan coefficients.

The following accelerator facilitiés are suitable to realize the suggested pro-
gram. The measurement of af'¥ is planned[28] at the Dubna synchrophasotron,
using the polarized deuteron beam and the polarized proton target[29] The in-
vestigation of the internal momenta range from 0.3 to 0.85 GeV/c is envisaged.
If the secondary deuterons spectrometer is developed up to a polarimeter, then
several additional observables would be measured.

Measurements of al’S and @ are quite realistic at COSY using the polar-
ized proton beam and polanzed deutenum target. The energy range is roughly
the same as in Dubna.

‘A wide program to realize the complete experiment can be developed at

KEK, AGS, RHIC and LISS.
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A

The most appropriate system to calculate the vector-tensor products given
above is the deuteron rest frame. In this system assuming that the z-axis is
directed along the quantization axis of the deuteron, the polarization tensor
has the form: -

~Q.:/2 0 0
Qur = 0 —Q./2 0
0 0 QZZ

Using this system, it is easy to see the following properties of vector Q. =
Qapy™a , where m, is an arbitrary vector. We have. Q||m, if m is parallel or
perpendicular to the z-axis. For an arbitrary angle 8 between the directions of
m and the z-axis we have:

Qm = -Q;zzlr—n—l@coszﬁ -1), @xm= %Q;zlm|nsin2ﬂ, (A1)

where n is a unit vector directed along z x m.
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In case of measuring of aP? (Eq. (12)) we have

:—; = (:—;) [1 + la CQ..(3cos>B—1) + aPQQ”Pnsm 2ﬂ] (A.2)

The final particle polarizations are related to the initial deuteron allgnment
(Eqgs. (17) and (23)) as:

3 . 3
P = —p?Q“nsm 28, S = —-3?Q”nsin 28. (A.3)

In case of measuring of the discussed above triple spin ‘correlation (Eq. (25))
the final deuteron polarization depends on the initial state parameters as:

§'=s"P+t [ (3coszﬂ;1)+s§"?(3sin2ﬂ;1)] Q..P,  (A4)

where the conditions Pn = 0 and Pk = 0 are implied. From Eq. {A.4) it is

seen that the direct measurement of 35 sens1t1ve to P-waves, is possible under
condition 3cos2ﬂ =1. ’

B

The indices a,  of Cq,g,,s refer:to the initial polarizations and indices y and
J - to the final polarizations of the protons and deuterons, respectively. Double
indices correspond to tensor polarizations. Using such subscripts as SL, we
imply the quantization axis lying in the SL-plane at 45° relatively the beam
“direction (L) in the deuteron rest frame. _

The IA expectations are given in terms of a and b related to the amplitudes
gi by Egs. (7), when amplitudes p; and p; are neglected. We have

‘ ‘ 1 . o
afs) = u(k) + —pw(k),  b(s) = u(k) - V2w(k), (B.1)

where u(k) and w(k) are, respectively, S- and D-waves describing whether the
d — p+n or *He — d+p vertex. The "internal” fragment momentum k = k(s)
is a single-valued function of s, but not the same in different approaches. In
the nonrelativistic IA, k is simply a final proton (deuteron) momentum in the
deuteron (3He) rest frame. In the relativistic approach k is connected to s via
"a more complicated chain of formulae given in ref.[2].
‘The list of the considered observables is restricted by-those, which are not
connected to measurements of the tensor or longitudinal vector polarization of
the secondary particles.

14

In the framework of ONE the cross section for unpolarized particles has the
form of

do 1,2, 202 2 212 _ g4 B.2
— ) == b2)? = 3(u? + w?)* = JP¥°. (B.2)
(82) = ea+ir =36 +u)
For the single scattering experiments the following relations are valid:
0.2 - b2
Co,Lr,00 = a? - g7 (B.3)
b3 .
Cynoo = af° = gﬁ, (B.4)
2y .
: 29195 — lgal*?  2a%(a® =b%) -
Crroo = af’® +af¥ = 5 - 51 , (B.5)
Cnsuoo = @@ —=0. ‘ (3.6)

For the double scattering experiments, when double spin correlations are as-
sumed (the polarization transfers), we have :

bt :
CnonNo = p; — Y (B.7)
ab
Cnoon = ConNnNo= pi — 77 (B.8)
a?b?
CononN = 81— o (B.9)
Cosnno = p?—0, (B.10)
: Co;szv,o,N = 590 _ (B.11)

For the selected triple spin correlations the relations are:as follows:

2Imglg; B 12
PS _ )
Cn,L,s0 = pL°—p3° = =~FD -0, ( )
CrL,Ns0 = pi® =0, | (B.13)
3Im(gl — g4 g; B.14
PS _ i
CN7L1015 = st - 33 - 2FD i - 0’ ( )
CrNos = v =0, i (B.15)
ro 1 pq_ _lof +lgal’ + 3lgal® + lg4l
CNNNNo = P57 T 5P1 ~ 6FD
L, LPEa+bY) | (B.16)
F 18!p4 , 2 2 | l2 1 b4
1 l91)® — 92| — lga
p PQ _ —,(B.17
CN,LL,N,O = N Q - §p5 - 3FD -+ - gF ( )
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| ; i .. JINR
v Pe_ Lo Relor+:— 204)g5 ; 11. B. Kuehn et al.: Phys. Lett. B334, 298 (1994); L.S.Azhgirey et al
CnNNoN = 85°— 351 =

2FD : g Rapid Comm. No.3{77}-96, 23 (1996)
— 4—1~M ' (B.18) v 12. I.M.Sitnik, V.P.Ladygin , M.P.Rekalo: Yad. Fiz. 57, 1270 (1994) [transl.
F 165?‘1 ’R ( 2' ) Phys. of Atomic Nucl. 57, 2089 (1994)]
V _ .PQ PQ _ helgr — 292 + g4)g3
Cryiron = 87 - 2% Q. - 2FD 13. J.Carbonell, V.A.Karmanov: Nucl. Phys. A581, 625 (1994)
2 _ g2 .
- ,é%w:—”) (B.19) 14. M.P.Rekalo, LM.Sitnik: Phys. Lett. B 358, 434 (1995)
, . : 45, 595 (1963);
’ ) . i ibov: JETP 43, 1529 (1962); M.P.Rekalo: JETP 45,
where F and D are defined by Egs. (10) and (11), respectively. We have taken 15. Xﬁg;i:gi g%kun , I,Pomer(anchuk: JETP 45,1114 (1963)
observables Cq g,4,5 only as notions neglecting the numerical coefficients used S !
in ref.[22]. 16. W.W.Buck , F.Gross: Phys. Rev. D20, 2361 (1979)
' ' : : Phys. Rev. C48, 389
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xapaxrepncrnm MOF}’T 6blTb ‘lyBCTBllTCﬂbllbl K- P—BOIIHHM B IICHTPO.HC Pa3pa6oran-

llblll Maremamuecwn annapar 1p3sosser Terko- paccuurbmarb oXiaaem ble ad)d)e}\-;
Tbl B HMllyIlellOM npnGnmi\euun Ilau }\parmm 0630p 1o reorpadmn ocymechnennq

llOIlllOl'O DKCﬂCpHMCHTa

Aumrmupyercx npoGnema nonuoro onmra B ynpyroM paCcemmn nasai, uacrnu \
co cnuqu b 172, Paccmorpeum BCe 3(bcpexrbl ‘CBA3aHbIE ¢ nonnpmauuen OIHOI

“of partlcle w1th spins of I and 1/21is consldered For the first time all posslble effects

-caused by polanzanon of one or tWo. initial and’ one fmal parncles are touched upon.
_The minimal set of measurements allowmg to’ reconstruct each of tour amplltudes;
descrlblng this process is suggested Some observables are expected to be sensitive-

to _such deuteron peculrarmes as possrble P-wave components The developed
techmque is.a’ good _tool - to. calculate easrly ‘the.” expectatlons in the’ Impulse
Approxm\auon for: nny observables The geography of the comp.lete experunent
s brlcﬂy drscussed ‘ SN

| E2:97-190

‘The problem of the complete experrment ‘in- backward "elasuc scattermg;




