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The spin-rotation parameters Dyy, Dss, Drs, Dsy, and Dy ; induced polarization P; and vector
analyzing power A4 at 496 and 647 MeV and Dg; and D;; at 800 MeV for p-d elastic scattering
have been measured using a polarized proton beam. This work represents the first measurement of
the final state L component parameters Dg; and Dy, for p-d elastic scattering. Comparison with
the noneikonal multiple scattering theory reveals large discrepancies between the data and current
theory at 800 and 650 MeV but fairly good agreement is seen at 500 MeV. The data also provide for

a test of time-reversal invariance.

I. INTRODUCTION

In the last fifteen years there has been a great deal of
theoretical and experimental activity concerning nucleon-
deuteron scattering at medium energy. Nucleon-deuteron
scattering certainly offers the simplest example of a few-
body collision. One of the basic motivations of the experi-
mental studies for this process is to investigate whether or
not the three-nucleon observables are describable in terms
of the known free-NN amplitudes. If so, one can use this
fact to extract the information on the NN interaction for
cases where these amplitudes are not well determined.

The status of proton-deuteron elastic scattering at
medium energies has been reviewed by several authors.!~
Coleman et al.> and Bennett et al.® made differential
cross section measurements of p-d elastic scattering in the
intermediate energy region, at 1 GeV, in 1967. Their ex-
periments (unpolarized differential cross section only)
were well described by the Glauber multiple-scattering
theory after the role of the deuteron D state was under-
stood.” Since then the differential cross sections of p-d
elastic scattering have been measured over a wide energy
range from 316 MeV to 5.73 GeV.>—68-13

More recently, extensive analyzing power measurements
have been made. These data are very helpful, since the
study of polarization observables in the elastic scattering
of protons from few-body systems is rather sensitive to
nucleon-nucleon correlations, A intermediate states, and
noneikonal propagation. These data now complement the
existing differential cross-section data between 200 MeV
and 1 GeV. 8—10,13—17

For forward angles, where the momentum transfer is
not too large [— ¢ < 1.2 (GeV/c)?], a recent extension'® of
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the Glauber multiple-scattering theory with the noneikon-
al approximation has successfully confronted a consider-
able amount of p-d elastic scattering data, which include
unpolarized differential cross sections'® and deuteron vec-
tor and tensor analyzing power measurements.'® The ten-
sor analyzing power data in particular provide a sensitive
means of revealing deviations from the eikonal approxi-
mation due to the presence of the D state in the deuteron
wave function. The inclusion of noneikonal corrections in
the Glauber diffraction theory is essential, especially for
—1t>0.2 (GeV/c)?, where discrepancies of up to 150%
are observed with theory based on the eikonal approxima-
tion. Remarkably good agreement between theory and ex-
periment is obtained for these observables.

Another crucial test of the noneikonal multiple-
scattering theory'®!® is the measurement of the spin-
rotation parameters. A complete set of the triple-
scattering observables may provide selective information
on the p-d collision matrix and, particularly, information
on the double spin-flip NN amplitudes. To give a per-
spective, we present a brief review of the fully spin-
dependent, noneikonal formulation of the multiple-
scattering theory developed in Ref. 18.

In Ref. 19 it has been pointed out that measurement of
the laboratory spin-rotation parameters Dyy(=D),
Dgs(=R), Dys(=A), Dy (=A"), and Dg (=R') for

Pd—Pd elastic scattering can be used to determine the

depolarization parameters Dy, D,, D,, and D, (D, R, 4,
A’, and R’ parameters are the notation of Wolfenstein?°).
In the laboratory system, the initial proton spin direction
L is defined along K;, N a]ong K; XKy, and S= N><L
the final proton spin dlrectlon L is defined along K, N
along K; XKy, and S=NxL. K; and K, are the
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incident- and scattered-proton momenta in the laboratory
system.

In the center-of-mass system, the spin-rotation parame-
ters can be expressed as

IoD g =Tr(0FagF'), 60

where I is the unpolarized differential cross section,

Io=Tr(FF*) . 2)

The depolarization parameters are defined as
D, =Tr(F[F))/I, (j=0,x,39,2), 3)

where unit vectors a and 8 denote the initial and final
proton spin directions given by

=(k;+ks)/ | ki+ks| ,

and

and k; are the incident- and scattered-proton momenta in
the center-of-mass sytem. The coordinates X, ¥, and 2
are parallel to 8, 1, and 1, respectively. Here, F is the pd
collision matrix, which can be written in the general form,

F =Fyoo+F,0,+F,0,+F,0,, (4)

where F, Fx, , and F, are the operators acting in the
deuteron spin space, which can be further decomposed in
terms of the vector and quadrupole spin 1 operators,'® and
the quantities o; are the usual proton spin operators.

The calculation in the framework of the multiple-
scattering model of Ref. 19 demonstrates that the depolar-
ization parameters D; are dependent on the components
of the NN amplitudes in a very selective way. If the gen-
eral form of the NN amplitudes is expressed as

fin=a/(@)+Bi(q)oy0} +iy (g)0,+03)
+8)(g)oto? +e(q)oto? , (5)

where [/ =p,n represent pp and pn amplitudes and the
" single-scattering contributions to D, and D, depend only
on the double spin-flip components 8§, and ¢, respectively.
The double-scattering contributions to D, and D, are also
very sensitive to §; and ¢;. Using D;, one can extract in-
formation on §; and ¢;. This is the reason that it is useful
to define the depolarization parameters Dy, Dy, D,, and
D,.

It is easy to show that the depolarization parameters D;
in the center-of-mass system and in the Breit system can
be expressed as a linear combination of the experimental
spin-rotation observables in the laboratory system. They
have the followmg form:

Do=+[14+Dyy+cos(X —X')(Dss+Dyr)
+sin(X —X')(Dsy —Drs)] ,
=+[1—Dyy+cos(X+X')NDgs—Dy;)

—sin(X +X')(Dgy +Dyrs)] ,

(6)
D, =[1+Dyy—cos(X —X')(Dss+Dy )

—sin(X —X')(Dg; —Dy5)] 5

D,=+[1—Dyy—cos(X +X')(Dgs —Dyr)
+sin(X +X')(Dsy +Drs)] ,
where, in the center-of-mass system,

ec.m. , 0. m. =
X= ) X'=— ) +6r , (7a)

and in the Breit system,

X=63+2a—§L, X'=0_L . (7b)

6.m., 01, and O are the scattering angle of the scattered
proton in the center of mass system, the antilaboratory
system, and the Breit system, respectively. « is an addi-
tional angle. 0, 05, and a are defined in Ref. 18. From
Eq. (6) one sees it is worthwhile to make a complete mea-
surement of all the spin-rotation parameters in order to
determine the D; parameters and then to check the ap-
proximations used in the Glauber model for the case
where the NN amplitudes are well known. After this
check we hope to use this model to extract the amplitudes,
especially the double spin-flip components for neutron-
proton scattering, which are not well determined at ener-
gies above 500 MeV.

Another interesting aspect of this work is that the data
provide for a test on time reversal invariance (TRI). As
we describe in Sec. IV A 1, B-d elastic scattering is a good
choice for this test.

Rahbar et al.,?"?? have made the first measurements of
Dywn, Dsg, Dps, A, and P for Pd elastic scattering with
496- and 800-MeV proton beams for angles from 20° to
60° (lab). The momentum transfer range for 496 MeV is
0.265 (GeV/c)? < —t <0.709 (GeV/c)?; for 800 MeV it is
0.242 (GeV/c)®< —t<1.494 (GeV/c)’. Weston et al.?
have measured all the spin-rotation parameters of pd elas-
tic scattering at 800 MeV at smaller momentum transfer,
0.006 (GeV/c)? < —t <0.460 (GeV/c)?, or 3°—28° (lab).

In the present work we have measured the spin-rotation
parameters Dyy, Dsy, Dss, Dys, Drr, and P; A for pd
elastic scattering at 496 and 647 MeV from 30° to 60° (lab
angle) [0.293 (GeV/c)®>< —t<0.883 (GeV/c)* for 496
MeV; 0.398 (GeV/c)* <—t<1.175 (GeV/c)* for 647
MeV]; and Dg; and Dy; at 800 MeV from 20° to 50° (lab
angle) [0.243 (GeV/c)?< —t<1.152 (GeV/c)?]. This
work improved the counting statistics by a factor of 2 or 3
from the first measurements of Dyy, Dss, and Dy g at 496
MeV by Rahbar et al.,?"?? and represents the first mea-
surements of the final-state L-component parameters Dg;,
and D;; for Pd elastic scattering.
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II. EXPERIMENTAL DETAILS

The experiment was performed using the external pro-
ton beam (EPB) at the Los Alamos Meson Physics Facili-
ty (LAMPF). The schematic layout of the experimental
setup is shown in Fig. 1. The polarized proton beam with
polarization oriented in one of three orthogonal directions
(§,ﬁ,i) was used to bombard a liquid deuterium (LD,)
target. The scattered particles are detected by a polarime-
ter JANUS).?* The conjugate particles are detected by a
multiwire drift chamber (MWDC) C7 and a plastic scin-
tillator SC. Elastic events were selected using two-body
final state kinematics.

The N and § polarization components of the scattered
protons can be measured and analyzed by observing the
azimuthal distributions after a second scattering in a car-
bon analyzing target of the polarimeter (JANUS). The
other details of JANUS and the data acquisition system
are described in Ref. 24.

The method used to determine the transverse polariza-
tion components Py and Pg of the scattered particles is
similar to the one which was developed at Schweizerisches
Institut fiir NuklearForschung (SIN).>*> With this
method, an event at (0,¢) will or will not be accepted de-
pending on whether or not a scattering at (6,7+¢) would
be accepted by the apparatus (7+¢ test). The angles 6
and ¢ are the polar and azimuthal scattering angles in the
carbon analyzer. This method eliminates some instru-
mental asymmetries.

The angular distribution I(68,¢) of protons after rescat-
tering in carbon can be written as

1(6,¢)=1Iy(0)[1+PyA.(O)cosp —Ps A (O)sing14(6,¢) ,

(8)
]

>1(6,4)A.(6)cosd
>1(6,4)A.(0)sing

S I1(6,4)42(0)cos’s S 1(6,4)A2(6)cos sing
= |3 I16,4)4H0)cospsing S 1(60,8)A2(0)sin’p

Polarimeter
“Janus' ce.

Carbon ca
Scatterer

Magnet

LD, “Scylla"
Target

Polarized

Proton Beam gd

!

FIG. 1. Schematic layout of the experimental setup.

where I, and A4.(0) are the corresponding unpolarized
differential cross section and analyzing power of the p-'>C
interaction,?6 and A (6,¢) is the instrumental acceptance
function defined by the back scintillator (SB). For the
¢ -+ test, the acceptance function 4(6,¢) has periodicity
of , that is,

A(0,)=A(0,¢+) . ©

Using Fourier analysis and then replacing the integra-
tions by sums, for the quantities Py and Pg appearing in
Eq. (8), one gets

Py
P}

, (10)

where the sum goes over all events. The covariance matrix V(P’) of the transverse vector P’, with components Py and

Pg, has the following form:

-1
S 1(0,8)42(0)cos’s S 1(0,4)A2(0)cos¢ sing

V(P)=

The statistical uncertainties for Py and Pg are related to
V(P') by

8Py  8(PyPs)
8(PsPy) 8P§*

For the longitudinal polarization components P; of the
scattered protons, the measurements are more difficult
than for the transverse polarization components. Because
of parity conservation one cannot directly measure longi-
tudinal polarization. To solve this problem, a bending
magnet is used to precess the spin direction of the scat-

V(P')= (12)

S 1(6,4)4X(0)cospsing S 1(6,$)4X0)sin’p

(11)

tered particles from L to S, that is, the spin precession an-
gle Op is adjusted to be 90°.

The usual relation between precession angle 0p and
bending angle 0,, in the magnet is Op=1.793y0,,,
y=(1—B?)~'2. For various experimental reasons, the
average value of 6p may slightly differ from 90°. Accu-
rate measurement of the average value of 8p is very im-
portant. For example, for the S-spin beam,

Ps

—P—=DSLsin0p + Dggcosbp , (13)
N
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where Pg is the beam polarization. If we want the error
of the correction term DggA cosOp to be less than 0.01,
then the error A6, is required to be less than 0.2°. For
the L-spin beam,
Pr :
—— =Dy ;sinfp+Dygcosbp , (14)
Py
the situation is similar.

To meet the above requirement on 6p, we set three drift
chambers (C8, C9, and C10) and a plastic scintillator
detector (S'1) before the precession magnet (SCYLLA).
JANUS was downstream of SCYLLA. The drift
chambers (C8, C9, and C10) were well aligned with (C1,
C2, and C3) and (C4, C5, and C6) at 0° to keep the
geometrical error as small as possible. To clarify the ef-
fects of the fringe field of SCYLLA, we measured the
average shift of a point on the central axis in the LD, tar-
get as a function of the magnetic field of SCYLLA by ex-
tending the trajectories from (C8, C9, and C10). Then
from the data we get an empirical formula for precession
angle

0p=1.0025X 1.793y(6) +A0) ,

where A@ is the actual additional bend angle for each
event. By use of this method, the error from the correc-
tion due to the Dgg component for Dg;, and from Djg
for Dy, is less than 0.005.

Similarly, small L components in a nominally S-spin
beam (or vice versa) are important. These undersirable
components were monitored to +0.5° with the help of a
polarimeter in the adjacent line B. (The 46° of precession
between the beam lines allows the L components to be
measured.) Corrections were made for these undesired
components. For the final state S-component data, we
have

Dgs=—(Py—P,Dys) (15)
Py

Dps=——(P;—PsDss) . (16)
P

The uncertainties due to this correction are less than
0.009. For the final-state L-component data, combining

0.2 T T T T

Ty =496 MeVv ¢+ pisbim
ot d  Alibin) 1
ol ]
& ouf 9 g
g * + t
<« "02fF 4 ++ *i* + 4
-03| 3 7
) By "
04} ' 4 R
-0.5 L 1 L 1 1 1
10 20 30 40 50 60 70

elab (deg)

FIG. 2. Analyzing power 4 and induced polarization P at
496 MeV.

the two corrections mentioned above, we get

1 .
Dy =—(P; —PgD 0
SL PLsinBP( L ss SIMUp
_PSDSSCOSGP_PLDLSCOSOP) ’ (17)
D —;(P' —P; Dy sinf
LL = Pysin0p S LYLL P

—PSDSSCOSOP—PLDLSCOSBP) . (18)

Usually the term P; Dygcos@p for Dg; and PgDggcosOp
for Dy, is negligible. The uncertainties due to the correc-
tions are less than 0.009. The magnitude of the beam po-
larization was measured using the techniques and calibra-
tions of Ref. 27.

III. EXPERIMENTAL RESULTS

Our results of analyzing power 4 and induced polariza-
tion P for pd—pd elastic scattering at 496 and 647 MeV
are given in Figs. 2 and 3. The analyzing power was mea-
sured using an N-spin beam. It was calculated using the
yields measured with beam spin up and spin down and
normalized by the beam intensity as well as the computer
live time and efficiency of the detectors.

The induced polarization is the average value of the
measured N components from the Dgg, D;g, Dg;, and
D;,; measurements. For each measurement we divided
the acceptance of the system into three angular bins. The
data from these different measurements are all in agree-
ment with each other within the uncertainties.

The spin-rotation parameters Dyy, Dy, Ds;, Dgg, and
D;, data for 496 and 647 MeV are shown in Figs. 4 and
5. The Dg; and Dy, data for 800 MeV are given in Fig.
6. All the parameters are presented as a function of
momentum transfer —¢. The values of all the spin-
rotation parameters as well as 4 and P for 496, 647, and
800 MeYV are listed in Tables I—III.

0.5 T T T T T T
Tp =647 Mev @ p(3bin)
O4r _ © A(lbin) T
03 B
a
o 02t + . + 4
o
<« O.1+ +’é #+ + g
¢
ol g .
-0.1F ++ + b
-02 1 1 1 1 1 1
10 20 30 40 50 60 70

e|ab(d°9)

FIG. 3. Analyzing power A for induced polarization P at
647 MeV.
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FIG. 4. The data of the spin-rotation parameters at 496
MeV. The theoretical predictions are with energy variation of
the NN amplitude.
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FIG. 5. The data of the spin-rotation parameters for 647
MeV. Curves are as in Fig. 4.
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TABLE 1. A4, P, and D,g for 496 MeV.

A P Dyn
0 A+AA ) P+AP 0 Dyy+ADyy
30.2° —0.1638+0.0080 29.9° —0.1372+0.0087 30.2° 0.8068+0.0348
36.3° —0.3515+0.0231 36.0° —0.3988+0.0119 36.3° 0.7732+0.0438
40.5° —0.3092+0.0131 40.0° —0.3893+0.0132 40.5° 0.7309+0.0455
50.2° —0.2092+0.0047 45.2° —0.1924+0.0239 50.2° 0.7789+0.0445
60.4° —0.1851+0.0048 50.1° —0.1985+0.0120 60.4° 0.7920+0.0424
60.2° —0.1998+0.0208
Dss D5
(7] Dgs+ADgs 6 D;s+AD;g
30.0° 0.7031+0.0221 30.0° 0.4676+0.0287
36.1° 0.6251+0.0385 36.1° 0.2609+0.0290
40.2° 0.4389+0.0423 45.2° 0.2502+0.0293
50.1° 0.4564+0.0491 60.2° 0.3817+0.0299
60.2° 0.3423+0.0404
Dy, Dy
7] Dg; +ADgy 6 Dy +AD;;
29.7° —0.5004+0.0176 30.0° 0.6027+0.0172
35.9° —0.3797+0.0227 35.8° 0.4456+0.0267
39.9° —0.3391+0.0236 40.0° 0.3061+0.0236
50.1° —0.4171+0.0194 50.2° 0.1850+0.0272
TABLE II. A4, P, and D,g for 647 MeV.
4 P Dy
) A+AAd ) P+AP ) Dyy+ADyy
29.8° —0.0142+0.0119 29.9° —0.0764+0.0180 29.8° 0.6994+0.0740
35.6° +0.0341+0.0075 39.7° +0.1149+0.0187 35.6° 0.7858+0.0800
39.8° +0.0892+0.0217 49.9° +0.0938+0.0189 39.8° 0.8145+0.0988
49.7° +0.0617+0.0229 59.7° —0.0255+0.0148 49.7° 0.7226+0.0692
59.6° —0.0253+0.0100 59.6° 0.8168+0.0794
Dss Dys
6 Dss j:ADSS 0 DLS :tADLs
29.7° 0.7082+0.0493 29.8° 0.3944+0.0394
39.4° 0.3756+0.0647 39.7° 0.5132+0.0451
49.9° 0.2845+0.0560 49.7° 0.4933+0.0431
59.6° 0.3126+0.0644 59.6° 0.4503+0.0554
Ds; Dy
V] Dg; :tADSL V] D;; +AD;
30.0° —0.4605+0.0369 29.9° 0.4964+0.0528
39.8° —0.4137+0.0351 39.8° 0.3052+0.0577
50.0° —0.5685+0.0437 50.0° 0.1778+0.0440
59.8° —0.5821+0.0260 59.9° 0.2125+0.0329
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FIG. 6. The data of the spin-rotation parameters Ds; and
Dy at 800 MeV. Curves are as in Fig. 4.

IV. DISCUSSION AND COMPARISON
WITH THEORETICAL PREDICTIONS

A. The test of time-reversal invariance

1. Comparison of analyzing power and induced polarization

It is well known that due to TRI the analyzing power
A(0) observed in the A(E,C)D reaction is equal to the
polarization P(6) induced in the D(c,b)A reaction.?®
Since elastic scattering is its own inverse process, the test
of TRI means 4 (6)=P(6). But for elastic scattering one

must use a target with nonzero spin, because parity con-
servation alone gives 4(0)=P(0) for a target with zero
spin. Furthermore, when the spin-rotation parameter
Dy is near unity, the relation 4 (0)=P(8) will still hold,
even if there is a violation of TRI.?

In the present work, we have measured Dyy, Dss, Drs,
Dy, Dy, A(0), and P(0). As shown in Figs. 4 and 5,
Dyy is obviously different from unity. So P-d elastic
scattering is a good choice for testing TRI. From Figs. 2
and 3 we see that the relation 4 (8)=P(6) for 496 and
647 MeV is satisfied within the accuracy of this experi-
ment. There is no evidence for the violation of TRI.
More quantitatively we can introduce the value of K for
each angle. According to Ref. 22,

1-T
=177’ (19)
where T is a TRI violating factor, e.g., T=1 or K =0
means no TRI violation. It is easy to prove

P(O)—A(0)

K =
1—Dyy

(20)
We calculate the value and error of K for each angle and
then get the weighted mean K and AK. For 496 MeV
data, K+AK=-—0.0131£0.037; for 647 MeV data,
K+AK=—0.036+0.054. The results are consistent with
the validity of TRI within our accuracy.

2. Comparison of the spin rotation parameter Dy and Dy
in the center-of-mass system

In the center-of-mass system, the TRI results in the re-
lation

Dy=—Dj . @

We can use the following matrix equation to transform
the spin-rotation parameters from the laboratory system
to the center-of-mass sytem:

b —c —d||Pss

a
Dy b a d ¢ ||Du
Dlx = ¢ —d a —b DLS 22)
Dy d —c =b a ||Dg

where

TABLE III. Dg; and D;; for 800 MeV.

DSL DLL
6 Ds; +ADg;, 6. Dy +AD;y
19.8° —0.3858+0.0249 24.5° 0.6824+0.0243
24.7° —0.4495+0.0306 29.8° 0.4890+0.0231
29.6° —0.5930+0.0278 35.8° 0.4192+0.0241
39.9° —0.6257+0.0291 39.8° 0.3661+0.0239
49.3° —0.6322+0.0304 49.8° 0.3831+0.0231
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FIG. 7. Comparison between the center of mass system
quantities Dy and — Dy at 496 and 647 MeV.

a =cosX cosX’ ,

b =sinX sinX’ ,

(23)
¢ =sinX cosX’ ,
d =cosX sinX’ ,

and X,X' as defined in Eq. (7).
For example, for the data at 30° of 496 MeV,

T T T T

T =496 MeV 4
0.6 ® EPB Data
—— Multiple Scattering Calculation
0.4 —
0.2 -
<<

0.0 B
-0.2 ° -1

-0.4 | 1 L 1

(o} 0.25 0.50 0.75 100 1.25

2
-t(GeV/c)

FIG. 8. Comparison between the analyzing power A4 and the
theoretical prediction at 496 MeV. Curves are as in Fig. 4.
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2
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FIG. 9. Comparison between the analyzing power 4 and the
theoretical prediction at 647 MeV. Curves are as in Fig. 4.

D, =0.8966Dss —0.0718D;; —0.4078D, 5 +0.1578Dg; ,
Dy = —0.0718Dgs +0.8966D;; —0.1578D; 5 +0.4078Ds; ,
(24)
Dj;=0.4078Dg5 +0.1578D;; +0.8966D; 5 +0.0718Dg;
Dy = —0.1578Dg5 —0.4078D;; +0.0718D 5 +0.8966Dg; .

The spin-rotation parameters in the center-of-mass system
are thus seen to be linear combinations of the laboratory
quantities. Figure 7 shows the results of Dy and — Dy
for 496 and 647 MeV. Within the error bars the relation
Dy, = —Dy is satisfied. This again indicates the validity
of TRI in this experiment.

B. Comparison with the multiple-scattering theory

The theoretical predictions for the spin-rotation param-
eters obtained in the framework of the multiple-scattering
approach of Ref. 19 at 496, 647, and 800 MeV are
displayed in Figs. 4—6. In these calculations the p-d
elastic-scattering amplitude is given as a sum of the
single- and double-collision terms evaluated using the
complete spin-dependent NN amplitudes taken from the
compilation (SA4-83) of Arndt et al. 30 phase-shift analysis
and with the Reid soft-core deuteron wave function. The
double-collision term is evaluated with the exact projectile
free-wave propagator. In the figures, the solid curve is
the calculation including energy variation in the NN am-
plitudes in the single- and the double-collision terms.

The calculation also shows that in contrast to the tensor
observables which have been found to be very strongly af-
fected by the noneikonal propagation effects, these effects
do not play a significant role in the observables measured
here, because they do not depend very strongly on the
deuteron D-wave component.

In order to improve the fit with the data, we have tried
alternate sets of NN amplitudes from Dubois,’! Bugg,*?
and Bystricky.>> We found in those cases that the devia-
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tions between the theory and the data are large.

The data of analyzing power A4 and the theoretical pre-
diction are presented in Figs. 8 and 9 for 496 and 647
MeV. The calculation is in poor agreement with the 4,
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FIG. 11. Same as in Fig. 4 for 647 MeV.
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As mentioned in the Introduction, the comparison be-
tween the theory and the data of D; is more transparent
and informative than that for the spin rotation parame-
ters. The selective character of D;, each being related to
one component of the p-d collision matrix given by Eq.
(3), can be used for tracing the origin of the discrepancies
between the theory and the data. For example, if the
theory can reproduce Dy, D,, and D,, but fails to repro-
duce D,, then the problem should result from the ampli-
tude F,. However, for the spin-rotation parameters, since
those are the linear combinations of terms involving all
the amplitudes Fj, the failure of the theory upon F, will
be seen in all the spin-rotation parameters.

In the present work, we measured all the spin-rotation
parameters. This measurement allows us to extract the
depolarization parameters D; (j =0, x, y, z) at 496 and
647 MeV with Egs. (6) and (7b). D; are calculated in the
Breit system. These are displayed in Figs. 10 and 11 to-
gether with the theoretical predictions, where the solid
curve has the same meaning as that in Figs. 4—6.

In summary, the discrepancies between current theory
and the data are very large at 800 and 650 MeV, as clearly

indicated in the data of D;, but fairly good agreement is
seen at 500 MeV. The cause is under investigation. From
our analysis for the dependence of the analyzing power on
the amplitudes Fj, we found the F, and F, are seen to be
too small. If these amplitudes were slightly larger, the fit
between the theory and the data would be much im-
proved. To clarify this problem, we think it is worthwhile
to make a very accurate measurement (uncertainty <5%)
of the unpolarized differential cross section for the p-d
elastic scattering at the same energy (496 and 647 MeV).
That measurement will be most helpful in extracting ac-
curate values of D, and D,. We believe that the under-
standing of the discrepancies presented here is crucial for
testing the reaction models for hadron-nucleus scattering
at intermediate energies.
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