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New approach to polarization phenomena indp backward elastic scattering
at intermediate and high energies
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The spin observableB,y, «o= §K§ (d—p), K, K§ (p—p), andC,, are investigated fodp backward
elastic scattering at intermediate and high energies by the invariant-amplitude method with the one-nucleon-
exchange assumption. Recently observed discrepancies between the conventional calculations and the experi-
mental data for thecy-T,g correlation are mostly dissolved by including effects of imaginary parts as the
contribution of absorption in the invariant amplitudes. The dependence of the medsyredd «, on the
proton-neutron relative momentum is explained by the calculation with the specification of nuclear potentials,
exceptT,, at high energies, for which possible solutions are investigated. Clear dependence on the imaginary
parts of the amplitudes is found f&tY,, measurements of which are suggested to be useful to distinguish
between the solution$S0556-28138)06605-9

PACS numbes): 21.30—x, 21.45+v, 24.70+s, 25.10+s

[. INTRODUCTION In the method, we expand the scatterihgnatrix by tensors
o . : in the spin space to calculate the geometrical parts of the
Polarization phenomena in few-body systems are impor-__ . ; : . "
: : matrix elements in a simple way. Then physical quantities
tant sources of information on nuclear forces and related dy-

namics. In backward elastic scattering of deuterons by pro‘?re represented by the physical parts of the matrix elements,

. which we call the invariant amplitude due to the invariance
tons, the structures of the cross sectionand the tensor . : .
. . character for rotations of the coordinate axes. The spin ob-
analyzing poweiT ,q experimentally observed &3=0.5—1 ) . : )
. . g servables are described with relative magnitudes and phases
GeV[1] attracted attention as the signal of excitations of th .
etween the amplitudes. The formulas of the observables
related nucleons to baryon resonance states, for example . . ; .
us obtained are independent of details of the reaction dy-
the A states[1-4], although the problem has not yet been . O .
. . o . d namics except for the limitation due to the ONE assumption.
solved, in particular, from a quantitative point of view. Re- . ;
. ) 3 In general, effects of reaction channels other than the elastic
cently, discrepancies betweéh,, and «g (=5K§, d—p

larizati f Hici ab . scattering will mainly be included in the imaginary part of
vector polarization transfer coefficignneasured by experi- o scattering amplitude as absorption effects. Then we in-

ments and those calculated by the PWIA have been ernph‘?Vestigate general effects of the imaginary part of the invari-

sized_in the form qf. the correlation between thesg quantitiesam amplitudes on the spin observables by treating the rela-
That is, the quantities calculated by the PWIA with the ONe e phases, which are fixed to zeromiin the PWIA, as free

nucleon exchangéONE) model [5], which describes the arameters. In the numerical calculation, the magnitudes of

dominan_t mecha}nism at the bc_':lckward angle in the high erﬁwe amplitudes are tentatively evaluated by the PWIA with
ergy region, satisfy the equation of a circle in thg-T,

the ONE assumption and corrections are included. Therefore,
i R Mhe present calculation is more general than the PWIA. Re-
the _C|rcle _along a spiral-like curvig’]. The observaple_s for_ cently, formulas of T,, and xo which are model-
the inclusive deuteron breakup also suffer from similar d'f'independent, have been derived for specihb] reactions
ficulties [7]. These suggest the possibility of finding new \yhere one of the target and residual nuclei is spinless and the
aspects of the nuclear force by detailed investigations of thgner is spin-1/412]. The present theory is an extension of
scattering, since the system consists of only three nucleongat work.
and ambiguities due to many bodies are less important. So- The main results in the present paper are as follows. The
phisticated calculation—-10], which include relativistic ef- imaginary parts of the amplitudes produce important effects
fects or QCD ones for example, have not been successful ion the observables and most of the discrepancies in the
explaining the experimental data and the puzzle still remaing,-T,, correlation can be dissolved by the effects. The de-
to be unsolved. pendence of the measur&g, and x, on the proton-neutron

As a new approach to the problem, we will derive generakelative momentunk is very well reproduced by the present

formulas of the spin observabl@s,, o, K}, (d—p tensor-  calculation excepT,, at high momenta, which correspond to
to-vector polarization transfer coefficientq (p—p vector  high incident energiep4], k=0.7 GeVE. To reproduce the
polarization transfer coefficientand C,, (spin correlation high-energy data, several solutions are discussed as candi-
coefficien), for the dp backward elastic scattering by the dates where momentum-dependent corrections to the magni-
invariant-amplitude methofiL1] with the ONE assumption. tude of the amplitude, the participation of exotic phenomena
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and an improvement of nuclear potentials are considered. Wigner-Eckart theorem and the geometrical part is given by
is shown thatk}, is particularly sensitive to the imaginary the Clebsch-Gordan coefficients in Eg). The geometrical
amplitude and is useful in distinguishing between the solupart of the matrix element oRy, will be represented by
tions when the quantity is measured. [C|i(Ri)®C,f(Rf)]5 since the matrix element is a tensor con-

In Sec. Il the general formulas of the spin observables argycted of ordinary-space vectors and we have only two
derived by the invariant-amplitude method with the assumpg -, vectorsk; andk;, after the integration over the coor-

tion of the ONE mechanism. In Sec. Ill, th-Tao Correla-  ginate variables. The physical parts of both matrix elements
tlon_data are analyzed l_Jy the formulas without introducing, e included inF (s;,s,K.l,). This quantity is invariant un-
particular nuclear potentials. In Sec. IV, tkelependence of 4o, (otations of the coordinate axes and we will call

the spin observables is investigated using the deuteron inte (si,s,K,1,) the invariant amplitude, which is a function of

nal wave functions obtained by specifying the nuclear pOten'scattering angl@ and the center-of-mass energy. The quan-

tial. Finall Vi ted t i ions. . .
lal. Finally, Sec. Vis devoted to a summary and OIISCUSSIOnSt|ty K is K for K=even anK + 1 for K=odd in the present

case. More details are given in the appendix of REf].
For the backward scattering, we have four independent
matrix elementg10], among which{1,—3|M|1,—3) is as-
The T-matrix M can be expanded into tensors in the Spinsumed to vanish for the ONE meChanism, where the initial
space, saB,, proton forms the final deuteron with the neutron of the inci-
dent deuteron. In the present case, the spin-down proton in
. the incident channel cannot form the spin-up deuteron in the
M= % (—1)*S¢- Rk (1) final channel without spin flips of the proton and the spin flip
does not occur at the backward angle in the PWIA lif6it
where Ry, is the counter part, the tensor in the coordinateThis assumption decreases the number of the independent
space, anK («) designates the rank component of the — amplitudes and finally we get other three matrix elements by
tensor. This form has an advantage in classifying theEd. (2) as
T-matrix elements according to their tensorial properties in
the spin space. Explicitly, the scalar pak=€0) describes <1£|M|1}> _ \/_EUJF ET+ ET’ 3)
scattering amplitudes due to central interactions, the vector 2 2 9 9 9
one (K=1) those due to spin-orbit interactions and the ten-
= ' i 1 1 1 1
sor one K=2) those due to tensor interactions. The last one <1’_ §|M|0,§> _ < 0,§|M|1,— §>

Il. DERIVATION OF FORMULAS
OF SPIN OBSERVABLES

includes effects oD-components of the internal states of the

related particles. The interaction associated with each rank

includes higher-order effects of interactions as long as the 1 1 52 )

tensorial property is maintained. - §U N ﬁT_ TT ' @
The matrix element of Eq.l) is given for a reactiormA

—bB by the invariant-amplitude methodl1]. There, the 1 1 5 2

matrix element was derived in the nonrelativistic framework <O—|M|0—> - U-—ZT+iT

but it can be applied to the relativistic energy region when 2 2

spins of the related particles are treated in the helicity frame.

In the present case, the transformation of the frame for th&vherek; andk; in the bracket of the left-hand side are dis-

high-energy application does not produce any essentiatarded to avoid confusions, since we treat only the backward

change in the result, since we are concerned with the baclscattering. HerdJ is the scalar amplitude anfland T’ are

ward scattering. Following Ref11], the second-rank tensor ones which include effects of the

D-component of the internal wave function of the deuteron.

They are given by the invariant amplitudes as

®

<VbvVB;kf|M|VavVA;ki>=S§K (SaSavavalsivi)
i >f

9 33
X(SpSg Vbl Stvt) U:_Z\/EF E’E’O’O) (6)
X(—=1)%"1(s;81v— v Kk)
and
K
x 2 [C (k) 1
li=K—K T==-T1+2T,, T'=T;+ ZTZ' (7)
@C -y (kO LEF(sis K ),
2 _ .
32j-1 2 (3 2j-1
wherek; (k;) is the relative momentum in the initiéfinal) Tj=F 7' o 2,0] = §F §7T7Zvl
state ands(v) denotes the spifz component The quantity _
k; (k) is the solid angle ok; (k;) andC,,, is related toY,, N F(§ 2j-1 2 2) ®
as usual. The matrix element & _, is calculated by the 2" 2 7
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The numerical coefficients included bh, T, andT’ are fixed 0.2+ I e s S S e
so that the amplitudes have simple forms in the PWIA limit g i (a) ]
as will be seen later. The physical quantities are described by s 01f ]
these amplitudes and for spin observables one can reduce the g 3 ]
number of the variables by introducing the relative magni- %
tudes and phases between them, :
Qo
LI B , £
R—m, R—ﬁ, @—GT_ou, ® —HTr_eu. %
© _°
The spin observables concerned are defined in [R8l.as S 20
~. -
Too=TH( MM )/ Tr(MM *), (10) §
3 I '10:_ \‘ N
K0=§Tr(M TyM+0'y)/TI'(MM *y, (11 % -20- i — Paris |
-30- I Bonn B |H
IR B S A N A TN
KY=Tr(M7, M " o)/ T((MM ™), (12 0 02 04 06 08 10 12
(GeV/c)
y_— + +
Ky (Mo M Uy)/Tr(MM ), (13 FIG. 1. Fourier transforms of deuteron internal wave functions.
_ + . u(k) andw(k) are for theS andD components and is the p-n
ny_Tr(MTyUyM )/Tr(MM ™), (14) relative momentum. The calculated are for the Pé&idid lineg

. and Bonn B(dashed linespotentials. The zero point af(k), k
whererande are the spin operators for the deuteron and the_ ko, is shown by the arrows for the Paris potential for example.

proton, respectively. Inserting Egé3)—(5) into the above
definitions and reducing the EXDTESSiOHS by a], we get ll. ANALYSES OF THE k-T,, CORRELATION

To={2 V2R cos® —R2—32R’2+ 12RR cog 0 ' — 0)}Ng, The experimental data available at the present are not suf-
(15  ficient for the determination of the four paramet&R’, 0,
and ©' discussed in the previous section. In the following,

ko={\2—Rco®) —4R'co®’ —32RR cog O’ — 0) we will calculateR andR’ as the first approximation by the
PWIA which is fundamentally acceptable at intermediate and
—30y2R'?}/Ng, (16)  high energies and tre@ and®’ as free parameters in the

range—180°<0(®')=<180°. In this way, we will include
KY,=3{—Rsin®+5 J2R R'si®—-0")}/Ng, (17 effects of the imaginary part of the invariant amplitude in the
calculation. The PWIA amplitudes for the ONE mechanism
V2 are described byi(k) andw(k), the Fourier transforms of
ngg{l— 4\/2Rco® + 14\/2R’ coP’ + 8R?+ 98R’?2 theS andD components of the deuteron internal wave func-
tion. By calculating the left-hand sides of E¢3)—(5) by the

—56RR cog®—0")}/Ng, (18  PWIA with the ONE assumption, we obtain
9 1
242 5 _ "2 T2
ny=%_|1—ERCOS@+2J§R’C05®’+2R2—7OR’2 v ﬁ[“ (o +zw (k)}t(k)’ 2Y)
9 ’ 9 2
+13RR cog§®—-0") Ng (19 T=EU(k)W(k)t(k), T'=gwiktk), (22
with wheret(k) is the proton-neutron scattering amplitude at the

momentumk. Definingr by
Ng=\2+22R?+34\2R'2—4R’co®’'.  (20)

w(k)
These formulas are exact and independent of details of the u(k)’ @3
reaction dynamics except for the restriction by the ONE . o
mechanism. The quantitids R’, ®, and®’ can be treated W€ 9etR andR’ in the PWIA limit
as free parameters such as phase shifts in usual treatments of 5
elastic scatterin14] and will be determined by experimen- 4r] and R/ = —— (24)

tal data of four independent spin observables. The quantities - 4+r2 \/§(4+ r?) '
thus obtained will be useful in finding suitable reaction mod-
els to describe the scattering. As is shown in Fig. 1 for typical inter-nucleon potentials, the
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FIG. 2. Tyg versusxg (=§K§). The experimental data are for
backward elastic scatteringpen circley and inclusive breakup
[solid circles, only in(a)] [7]. The curves are calculated by Egs.
(15), (16), and(20) for ® = 180°, 135°, 120°, 90° witl®' = 0°
in (@), for ®' = 60°, 105°, 120° with® =180° in(b), for ®' =30°,
60°, 90° with® = 135° in(c) and for®'=-60°, —105° —150°
with ®=135° in(d). The large circles are the PWIA calculation. In
(b), the data points are connected by straight life=e texk

Paris potentia[16] and the Bonn B on¢l7], r decreases
from zero to minus infinity with the increase kfchanges its
sign at the zero point ofi(k), k=kg, and beyond, it de-
creases from plus infinity. Correspondingly, in the PWIA,
0®=180° for k<ky, and ®=0° for k>kgy, and®' is zero

independently ok.

Now we will discuss thex,-T,q correlation. The calcu-
lated x, and T, by the use of Eq915), (16), (20), and(24)
are shown in Figs. (@—2(d). In general case, at=0,

which define the poinK in the xq-T,q plane in the figures.

1 1 1 I
-10-05 0 05 10

Ko

T20:0 and Kozl,

For the limitr —o

Too=

which restrict the values of 5 and «, at k=k, indepen-

4.2

_9—cos®’

dently of @, in the ranges

1

V2

In the pure PWIA, Eq.(26) gives Ty=— 1/y/2 and ko=
—1 which define the poinY in the xy-Ty plane. In the

2
STye=<— 5 and —1<

an

1 1 1 1
-10-05 0 05 1.0

Ko

7+cod’

dKOZ_

9—co¥’

3
Kos=— g (27)

In Fig. 2(a), the calculatedr,, and k, are plotted in the
ko-Too plane for severa®, where®’ is fixed to the PWIA
limit, ®' =0. These quantities are independent of the sign of
O due to Egs(15), (16), and(20). The pointP defined by a
set of kg and T,q calculated by the PWIA moves clockwise
along the circle denoted b§ =180°, from X to a certain
point throughY, with the increase ok. The trajectories of
the pointP similarly defined for otheil® are deformed to-
ward the inside of the circle according to the decreas® of
from 180° to 90°, where the points f&=k, are localized in
Y independently of®. We call this type of deformation of
the trajectories the ® effect.” The experimental datf7]
for the smallk are mostly located between the two lines for
©®=120° and 135°. Then th® effect is important to de-
scribe such smak data. Figure @) is essentially same as
Fig. 3 in Ref.[12], because the present formulés) and
(16) with (20) are equivalent to Eq916) and (17) in the
reference whe®'=0.

Figure 2b) shows effects of the finit@®’ for typical ®'
between zero and 180°, fixin® to the PWIA limit, ®
=180°. The calculated’,y and «, are independent of the
sign of ®’ because 00 =180°. The trajectories of P for the
finite ®' are deformed to form an egg shap@’(=60°), a
cusp-like shape®’ =105°) (hereafter we will call this type
the “cusp”) or an “eight” shape @’ =120°) although the
last one is laid down and one loop is very small. The point
P for k=kg, which is defined by Eq26), moves on th&-Y
straight line from Y toward the point T,=— 22/5,
Kko=—23/5), with the increase of the magnitude 6f . We
will call such effects the ®’ effect.” Most of the data for
large k are localized between the lines fé'=105° and
120° and the®’ effect is clearly important to reproduce such
high-energy data. As will be seen later, the cusp and the
eight shape are successful to describe the experimentally ob-
served structure of ,q in the plot againsk.

Figures Zc) and 2d) show the combination of th€&
effect and the®’ one, for®'>0 and®' <0, respectively,
with fixing ® to 135°. In Fig. Zc), the trajectories fo®’
>90° are ignored to avoid the complication of the figure.
The combination of theé® effect and the®’ one improves
the T,g-x( correlation. For example in the cases ©f
=30° and —105°, the agreement between the calculation
and the experiment is much better than that in the PWIA.

In the analyses, the trajectories of the pdihtare sym-
metric about theX-Y straight line, which is proved by Egs.
(15), (16), (20), and(24), and it should be emphasized that
the above results are independent of a particular choice of the
nuclear potential. The validity of the PWIA estimation Rf
and R’ is examined by varying them &8B—R+AR and
R'—R'+AR’. When AR and/orAR’ are =10% of their
originals, no real effect is produced by the variation in
the correlation curves. The effects are examined up to the
50% variation, for which the effects are appreciable but
still small. In Figs. 3a)—3(d), the results for the case of 30%
variation are shown as examples for the typical trajectories
by (0,0)=(135°,309, (135°~-1059, (180°,10579,
(180°,1205. Therefore, the use of Eq24) will not induce
significant errors.

figures, the spin observables are calculated for given sets of

and ©', wherer is varied from zero to infinity fork
<kgy. The calculation is extended to the regi&eek, by
replacing|r| by —|r| to take account of the change ©f at

k=Ko

IV. MOMENTUM DEPENDENCE
OF THE SPIN OBSERVABLES

To examine theé® and®’ effects in more detail, we will
investigate the dependence of the spin observables on the



57 NEW APPROACH TO POLARIZATION PHENOMENANM . .. 2497

1.0 T ) A S L B BN NI BUL R
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FIG. 3. Effects of variations oR andR’ on the ky-T,, corre- 1.0
lation. The effect of the variation oR (R’), R—R+AR (R’ ’ R R N R T
—R’+AR’), is shown by the dashe@iotted lines with AR/R, 0.0 : 06 08 1.0
AR’/R’ =0.3 for the typical sets of @, '), (135°, 30°) (a), k (GeVic)

(135°, —105°) (b), (180°, 105°)(c) and (180°, 120°)(d). The
solid lines are forAR=AR’=0. The experimental data are taken  FIG. 4. T,y (a) andk, (b) versusk. The curves are calculated by
from Ref.[7]. Egs.(15), (16), and(20) with the Paris potential, where the lines are
for (®, ®')=(135°,—105°)[set A, the solid, (180°, 105°)[set B,
proton-neutron relative momentuka We calculater by the  the dashelj (180°, 120°)[set C, the dash-dottd@nd (135°, 90°)
use of Eq.(23), whereu(k) andw(k) are obtained by as- [set D, the thin solifl The thin dotted lines are for the PWIA
suming a particular potential. Recently, relativistic effects oncalculation. The vertical dash-dotted straight line indicates the lo-
the wave function of the deuteron internal motion have beemation ofk=k,. The experimental data are taken from Rg¥s18).
investigated by the use of the Bethe-Salpeter equdtigh
and the effects are found to be small in the presemt This will be explained by the theoretical restriction g,
relative momentum range when compared to the nonrelativgiven by Eq.(26) and the good agreement between the cal-
istic wave functions by the Paris potentid6]. Then, in  culations and the experimental data at this momentum will
most of our cases, the results are given for the Paris potentiglipport the present theory. As in Figh# the calculated,

and those for other potentials will be described briefly. agrees with the experimental d4f@ better than the PWIA,
Shown in Figs. 4a) and 4b) areT,, and ko by the Paris  particularly for the largek.
potential as the functions df for the typical trajectories Similar calculations ofT,; and x, are performed for the

in Figs. 4b)-2d), i.e., for the sets ®,0')=(135°, traditional nuclear potentials, the RC9], Nijmegen[20],
—105°)A), (180°, 105°)B), (180°, 120°JC), (135°, AV14 [21], and Bonn B[17] ones and for the recently pro-
90°)(D) and for the pure PWIA. The trajectory for set A is posed Nijmegen Il potentigP2]. The observables calculated
the egg shape and the one for B is the cusp and those for By the Nijmegen Il potential are quite similar to those by the
and D are the eight shape, respectively. As seen in k&), 4 Paris potential and both results are hardly distinguished to
the calculation by set A reproduces well the léwdata of each other. Other potentials except for the Bonn B provide
Too but does not produce the resonancelike structur,@f  almost similar results, but with some variations in the AV14
which is observed experimentally as a local maximum in thecase in a high momentum region, compared to those by the
rangek=0.25~0.45 GeV¢ [7]. On the other hand, the cal- Paris and Nijmegen Il potentials. However, as is seen in Fig.
culations for other three sets describe the feature of the oli(b), thek dependence af for the Bonn B potential is con-
served structure. Thus the cusp or eight shape trajectory isiderably shifted toward largde compared with that for the
the «o-T,g plane will be required to reproduce the structureParis potential. This nature will be understood through the
in the plot of T, againsk. This is confirmed by the detailed behavior ofu(k) andw(k) in Fig. 1(a) by the characteristics
examination of the behavior of the experimental data in theof the Bonn B potential which has rather weak tensor parts
plane, i.e., the data behave as a cusp uponXthéline as and complementarily strong central ones. Considering this
emphasized by connecting the data points with the straighgpeciality, the results for the Bonn B case are compared with
lines in Fig. Zb). The calculations by sets B and C are suc-the experimental data in Figs(éh and 8b). The quality of
cessful in reproducing the gross behavior of the experimentahe agreement between the calculation and the experiment is
data[7], except the data &=0.7 GeVt [18]. In the figure, almost similar to that in the case of the Paris potential. As is
the calculated,y atk=k, are localized independently €  shown in Eq.(27), the magnitude of the calculated, at k

in a narrow range around,;,=—0.6 almost as one point. =Kk is limited in the range;- 1< k=< — 0.6, which is inde-
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k (Gevic) the choice 0. This indicates that one cannot reproduce all

H ’
FIG. 5. The same as Fig. 4 except for the use of the Bonn BOf the data ofT 5o and «o with one set 0 and@ .
potential. In the present paper, we consider the contribution of open

channels other than the elastic scattering as the absorption
In this viewpoint the present effect, which is taken into account by the imaginary parts of

endent of the choice oP.
P the invariant amplitudes through the relative phases between

experimental data seem to favor the Bonn B potential sinc
the lower bound of the measured is almost— 0.6, which

will be given by the Bonn B potential as the upper limit at 10— — " T
k=Ko when ©'=180°. However, it will not be suitable at lestsl s ;
the present to discuss in detail the superiority between the 0.5¢ 7
nuclear potentials, because of the ambiguity of the experi- B e

mental data and the approximation in the calculation.

Next we will investigate in general way th@ effect and
the ®' one on the momentum-dependenceTgf and .
First we will examine the®’ effect by calculating the fol-
lowing combination ofT,, and xq, which is independent of
0:

4 1
T20+2J§K0:N—R 1- ZRZ—ssR'Z—zJER’cos@'].
(28)

Figure 6 describes this quantity as the functiorkdbr sev-
eral ®' for the Paris potential. Here, the experimental data
aroundk=k, are reproduced well by larg®’, for example
"=180°. Then, in the following examination of tie ef-
fect, we fix®’ to 180°. The calculated,, and «, for sev-

eral® are shown for the Paris potential in Fig$aj7and 7b) i (b) :

as the function ok. The small®, for example® =0° with -1.0p T S
®’=180°, which we will call set E, describes well tig, 00 02 o 06 , 038 1.0

data at large but unfortunately does not those at snalln k ~(Gevic)

the figure, the calculate®,; and « are independent d at FIG. 7. © dependence oF », (8) and ko (b). The solid, dashed,
aboutk=0.3 GeVt, 0.6 GeVt, which correspond 0= gagh.dotted, dotted, and thin solid lines are fob

=2, and atk=ko. There the magnitude of the calculated —g°, 60°, 90°, 120°, and.80°, respectively. The thin dotted
Ty atk=0.3 GeVL is only about one half of the measured. |ines are for the PWIA. The Paris potential is used &hd-=180°.
Then the choice 0®'=180° is not suitable to describe such The vertical dash-dotted straight line indicates the locatiork of

low k data contrary to the successkatk,, independently of =k,. The experimental data are taken from R¢F518].
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the amplitudes® and ®'. On the other hand, the magni-
tudes of the amplitudes are fixed to those calculated by the
PWIA. However, the elimination of the open channels will
affect the magnitudes as well as the phases. Also, the F i
deuteron-proton rescattering before and/or after the ONE N < ——
process will contribute to the magnitude although expected . i ]
to be small at high energies. These effects will give the cor-
rection to the PWIA estimation oR and R’. The PWIA
estimation is decomposed into the two steps, i.e., the calcu-
lation of R andR’ as the functions of the parameteby Eq.

(24) and the calculation af as the function ok through the
deuteron internal wave functions by the use of
=w(k)/u(k). The validity of the first step has been exam-
ined in the previous section. Sineeis a measure of the
magnitudes of the scattering amplitudes, we will investigate
effects due to variations of, which will be described by an
additional correction term tav(k)/u(k). In general, such
corrections will vary with the incident energy, namely, of the
momenturk, for example the open-channel effects increase
with k. Having these in mind, we will assume the general
form of variations ofr as

(180°,120°) I

— no correction_:
— a=+15 ]
----a=-15

r—r+Ar, Ar=a(k/kna" (29
We will call Ar simply the “momentum-dependent correc- 05 08 10
tion,” although this allows the momentum-independent case k™ (Gevic)
by the choicen=0. The quantitied ,; and «, calculated by
ts?fotfvi? ?gfg)g%glve'trgr (?Sbet? I(';?(ijnbxléi;hs?t;aa:f dpgs.nt_:_z;leare r, the effects oI 55 and those oncoiare shov!n ina), (b), and(c),

. L respectively, where the case of=1, k,,=1.0 GeVt and a
parameters are chosen, for simplicity, @s'1, knax=1.0  _1 51 5) s described by the solidashedllines. The thin solid
Ge_\//c gnda= i1'5'_AS is shown in Fig. @&, the modifi- lines are fora=0 and the thin dotted lines are for the PWIA cal-
cation induced orr is rather small for these parameters. cyation. The vertical dash-dotted straight lines indicates the loca-
However, the correction due to the variation ofbrings  ijon of k=k,. The experimental data are taken from REFs18].
about large effects o,y and «x, except for the momentum

region aroundk=Kk,. In particular, the calculated,, be-  Also, K¥, vanishes ak=k, due toR=0, independently of
comes negative &=0.7 GeV£ due to this effect. The cal- the choice 0f® and®’. This will be useful in criticizing the
culation without this correction gives positiieo atk=0.7  nyclear potential, because the magnitudekglepends on
—1.0 GeVE and does not reproduce tfig, data which is  he potential assumption. The quantitk$ andC,, are less
negative in this momentum region. Then, the effect. of thegansitive to® and ®’ compared withk?,, but will be still

momentum-dependent correction will be one candidate Q. qf to identify the® and @' effects. As is seen in Fig.
solve such discrepancies between the calculation and t a)—10(c), the effect of the variation af appears in all of

measurement, when a proplerdependence is assumed for these quantities, remarkably K,. Then the measurement

Ar. Similar results are obtained by the use of the Bonn B ./, . e o _
potential. It should be emphasized that the modification of pf K, will be useful to distinguish the superiority in explain-

does not induce any change in the trajectories described ih9 the data betweef‘ the sets@;farjd@’.as well as between
Figs. 2a)—2(d), because the trajectories are calculated b)}he huclear potentials and to identify t_he effect. of the
treatingr as the free parameter and are independent of th@omentum—dependent correction at the high energies.
determination of as the function ok.

Other spin observable&y,, Ky, andC,, are investigated

by the use of the Paris potential in two ways; i.e., the depen- For thedp backward elastic scattering, the present paper
dence of these quantities dh and®' are shown in Figs. provides the formulas 6F .o, o, KY,, K¥, andC,,, which
9(a)-9(c), for the sets o and®’, A, C, D, and E and the  gre free from details of the reaction dynamics except for the
effects of the momentum-dependent correction are shown ibyNE assumption. There nonexchange scattering is neglected
Figs. 1@a)—-10(c) for set C withn=1, ky5,=1.0 GeVt and a5 the conventional treatmerjts—6] because of small con-
a==*1.5. The results by set B are not displayed because afiputions at the backward angle due to high energies. The
similar nature of the results to those by set C. Figuf® 9 correlation betweelT,, and , is analyzed by introducing
shows that the calculatet;, is quite sensitive to the choice the imaginary parts of the invariant amplitudes which are
of ® and®’ and, in particular, the sign d€}, in a region of  parametrized by the relative phases between the scalar am-
k aroundk, depends on the sign @’. Also, K}, vanishes plitude and the tensor one®, and®’, and reasonable un-

for set E and for the PWIA calculation. Thus measurementslerstanding of the experimental data is given by choosing
of this quantity will give a clear test of the®, ®') sets. suitable sets 0® and®’. The momentumK) dependence

FIG. 8. Effects of variations af on T,y and«,. The variation of

V. SUMMARY AND DISCUSSIONS
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FIG. 9. K¥,, K}, andC,, versusk. The calculation oK}, (a), FIG. 10. Effects of variations of on spin observables. The
K§ (b), and C,, (c) with the Paris potential are shown for the calculation ofK}, (a), K§ (b), andC,, (c) with the Paris potential
(0,0") sets, A, C, D, and E by the solid, dash-dotted, thin solid,are shown for set C witm=1, ky,,,=1.0 GeVt and a=1.5
and dashed lines, respectively. The thin dotted lines are for thé—1.5) by the solid(dashed lines. The thin solid lines are faa
PWIA calculation. The vertical dash-dotted straight line indicates=0 and thin dotted lines are for the PWIA calculation. The vertical
the location ofk=kg. dash-dotted straight line indicates the locatiorkefk,.

of the spin observables is calculated by assuming severdliscussed for Fig. Za), and physically the effect will be
nuclear potentials and most of the experimental data are réaduced by non-mesonic reactions like virtual breakup of the
produced by the sets @ and®' which explain the corre- deuteron[23], because the lowk region is below the pion
lation data. In particular® and®’ which produce the cusp threshold. Considerinty, T, andT’ in the PWIA limit, the

or eight shape trajectories in thg-T,g plane are successful virtual breakup process contributes mainlyWoand T and

in describing the structure &f, in the plot againsk in the  the contribution tor” will be very small because the magni-
medium momentum region. Such successful results will suptude ofw(k) is small compared to that af(k) in this mo-
port the assumption of the ONE mechanism which includesnentum region. Then the main effect of the virtual breakup
the absorption effects. By treatiry and©®' as free param- will be described by th@® effect. Earlier the structure df,,
eters and including the corrections to the PWIA estimates oin the plot againsk in the medium momentum region has
R andR’, the present calculation takes into account, in prin-been interpreted as mesonic effects which include virtual ex-
ciple, contributions of many Feynman graphs, which contairtitations of the nucleons to baryon resonance stdtes).

the simple ONE diagram and ONE diagrams accompanie@he large magnitude d®’ in set B or C will be understood
by networks of deuteron breakup, emission and absorption ais the reflection of such mesonic phenomena. The virtual
mesons including excitations of nucleons, deuteronemission of mesons contributesWoandT’, but hardly toT,
proton rescattering, and so on. In these corrections, stibecause the emission does not induce the interference be-
we assume the validity of vanishing of the matrix elementtween theS andD components of the deuteron wave func-
(1,—3|M|1,— %), which is justified in the case of the me- tion, when the recoil of the related nucleons is neglected.
sonic effects considered in R¢8]. The sets o® and®’, A, B and C, do not reproduce tfig,

In the present investigation, we assufeand®’ to be data atk=0.7 GeVE, while the set E@®=0°, ®'=180°)
independent ok for the convenience of examining the gen- reproduces the data very well. When set E is adopted in this
eral effect of the imaginary part of the amplitudes. In gen-momentum region, for explaining the drastic change®of
eral, ® and®’ will vary with the incident energy, namely, and®’ from set B or C aroun#=Kk,, it will be necessary to
with k. Then, to reproduce the experimental data quantitaassume the participation of new phenomena, for example,
tively, one will vary® and®’ with k, for example by adopt- excitations of higher baryon resonance states accompanied
ing set A (®=135°0'=-105°) for the lowk region and by related dynamical effects.
set B or C ®@=180°,0'=105°~120°) for the mediunk The validity of the PWIA estimation oR andR’ is in-
region. The important factor of set A is th& effect, as is  vestigated. Decreases or increaseR ehdR’ by up to 50 %




57 NEW APPROACH TO POLARIZATION PHENOMENANM . .. 2501

do not produce any significant effect on thg-T,, correla-  in Fig. 8(@) that the spin observables in this case will quali-
tion. However, the small variation of due to the tatively resemble those by the momentum-dependent correc-
momentum-dependent correction gives large effects on mosion with a= — 1.5, which are given in Figs. 8 and 10. Due to
of the spin observables. The calculation suggests that theuch variety of the possible solutions at the high energies, we
theoreticalTy, at the high energies is possibly improved by need more information from experiments to get the definite
taking account of this correction. On the other hand, thesonclusion and, in this sense, it is desirable to measure other

calculatedT,, at the high energies is very sensitive to thespin observables, for example, andKY,, at the energies
position of the zero point ofv(k) on the k-axis. For ex-  ~gncerned.

ample,w(k) calculated by the simple Bonn potential has the
zero point at abouk=0.8 GeVE [15] and the PWIA calcu-
lation with this potential gives negativie,, for k=0.8 GeV/

c [18]. Thus, a suitable potential which produces the zero
point at k=0.7 GeVEt will give a solution for the high- The authors wish to thank Professors Y. Koike and T.
energyT,o problem. When referred to the relation betweenHasegawa for valuable discussions and are indebted to Pro-
w(k) andr in Fig. 1, it is speculated from the behaviorrof fessor C. F. Perdrisat for providing the details of his data.
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