





The triple - scattering parameter R, was measured previously/ 3 for
90° and 125° (cim.s) in the elastic p~n scattering at 605 MeV, The obtained
results made it possible to Specify the phase- shift anmalysis at this energy and to
exclude one of the three previously existing solutlons/ 2’3/. The probabilities of
the two remaining sets of phase- shifts remained approximately ual, with respect
to the )<2 - test, and additional experiments were necessary to find the most pro-
bable of them. The angular dependence of R (8) , calculated using these two
sets indicated, that the best method for finding the most probable phase - shift
set is to measure the parameter R, at the angle 70°. The results of these
measurements are given below, as well as planning of further experiments, neces-

sary to determine the nucleon-~ nucleon scattering amplitude at 630 MeV uniquely,

The experimental equipment and the method for measuring R have been

]
described in/ 1/ and we drop the details here, In brief, the experiment consists

-

of determining the polarization, produced in pn-scattering, if the polarization P,
of the primary beam lies in the scattering plane and is perpendicular to the beam
direction, This polarization is analysed by scattering of protons, previously scat-
tered on neutrons, on a graphite block [ 16 g/ cm2/ inside a spark chamber

(ana_lyser) » The angular distribution 4 (05.6,) of protons 1 the analyser is

% (0y.84) = ,00,)f1+P,0,)[Pcongh; —RP, singd 11, (1)

where Tos ~ is the cross-section for unpolarized protons on the analyser, P, (6,)

the analysing power (polarization in pC - scattering) ,0 ~the third scattering angle,
lab, s,
The parameter R , as well as the polarization P, , produced in pn-scat-

tering, are determined by the maximum likelihood method, in the treatment of the
measured angular distrlbution 7, (6, ,¢,) [4f .

In our case P; = 0,37 10.03/ 16/. The analysing power P, (85,) in the

region 4<#6,< 2° was taken from7 5/, where  pC -scattering at 424 MeV were



n sured, This energy correspornds approximately to that of protons, incident on
the analyser (406 MeV), The number of useful events, obtained in the treating

of pictures for measurements with CD; and C targets is equal to 4197 and
1375, respectlvely, The "instrumental" asymmetry was excluded by performing
measurements with two opposite polarlzation directions of the initial beam ;’1 1/95/
The average values of the instrumental "right-left' ¢, and "np-down" ¢, asym-
metries are given in Table 1, They coincide within the errors with the values

found previously in measurements at 90o and 1250 /1/.

Table 1

Values of the average '"right-left* and "up-down"
instrumental asymmetry

o
08mln_6:mnx € tAc, €p & Aep
6 - 20 0.046 + 0,060 0,087 + 0.014
7 - 20 0.100 + 0,061 0.076 + 0,015
The results of the treatment of the obtained data in the reglon 6 ,<§ <20°
are given in Table 2 for various wvalues of Gamln . It follows from Table 2,

that the quantities P; and R above 9 - 60, do not, depend on 63 wlthin

3 min

the experimental errors,

It was found that R(70°) = 0,09 +0.19, P, (70°) =- 0.05 +0.18. The
same parameters were simultaneously found for quaslelastic pn- scattering on the

neutrons in carbon nuclei,

c
RC(70° = 0.2 4 0.23 P, (70°)=0.09 +0.16 -
The obtained values R and B were used to specify the two remaining
sets of phase-shifts at 630 MeV,

However both the phase-shifts had considerably large errors., The attempt
to find the single experiment, which would decrease errors, was not successful,
The planning has shown, that it is necessary to increase generally the accuracy
of all experiments in order to decrease the errors, In view of this it was decid-

ed to use all available data obtained at 630- 660 MeV for specifying the phase-
shifts analysis [ Table 3/. Thus the number of used experimental data increased
up to 209 points, mainly due to the effective cross-section and the polarization
in the pp- scattering data,

x| It should be noted that such a method excludes the "instrumental" asym-
metry completely only in the determination of R.



‘The obtajned pha ihifte sets are glven in Table 4, It Is seen from this
tat that errors of the phase shifts noticeably decreased/ 1 and the ratio
x:q /;—?' ~ 1. The dependence of experimenial quantities on the scattering angle,
calculated on the basis of the obtained phaseashifts are presented in figs. 1~13,
In fig, 1 the experimental values obtained by the authors are shown together

with the calculated dependence R(#) . The vertical lines show the calculated
corridor of errors,

The planning of experiments was performed/ 3/ to determine the optimal
angle, at which the measurements can exclude one of the remaining phase-shifts

sets, This planning concerned the Wolfenstein parameters R®,,., D, , A,,, coef-

ficient of the spin correiation C:: and the component of the asymmetry tensor
o 2
Aan /27] . The results of the planning are given in Tabje 5, It follows from

this table that at existing experimental possibilities the best experiments to exc-
lude one of the remaining phase-shifts sets is to measure the triple scattering

parameters D, and A, at angles 115° and 1300, respective’y,

It should be noted, that more detailed investigation of polarization at the
analysing proton scattering ( on the carbon target) is necessery in order to

lecrease considerably the errors of Wolienstein parameters,

The authors express the deep gratiude to S,I. Bilenkaya, L, Lapidus,
Yu, N, Simonov and P, Winternitz, for useful discussions, E. Dudova, J,Fingerova,

A, Maximova, V.M, Sakovsky, S, Smirnova and T.D, Timofeyeva for help in
he work,
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Table 2

Results of treating experimental data in the interval 6,

for various f3n, at 6, = 70°

o
mSoa 520

o -

p - n scaftering on deuteron

9:,..: P, + AP, R + AR Num;:: t;’f
4 0,172 0,160 -0,107 0,172

5 -0,087 0,170 0,025 0,185

6 -0,052 0,179 0,085 0,193

T 0,083 0,190 0,089 0,19

8 -0,053 0,204 0,113 0,204

9 -0,126 0,225 0,100 0,213
10 -0,193 0,266 0,069 0,216
1 0,109 0,273 0,019 0,225

12 -0,236 0,29 0,061 0,237

p-n scattering on neutron in carbon nuclei

4 -0,196 0,124 -0,180 0,181 876
5 0,047 0,149 0,140  _,203 635
6 0,088 0,161 0,118 0,228 531
7 0,073 0,175 0,100 0,224 449
8 0,087 0,192 0,079 0,232 384
9 0,151 0,204 0,151 0,238 349
10 0,202 0,217 0,064 0,244 328
1 0,274 0,234 0,032 0,260 289
12 0,307 0,254 0,059 0,265 256




Table 3

> Experimental Data Used in Phase- Shift Analysis for np- and pp- Scat
tering at Energy 630 MeV

Purameter Energy g° Measured Statistical Refs.
MeV o.m.a, value error +
o™ 657 90 2,05 0,07 (9]
mb/aterad 660 30 5,47 0,12 [g]

40 4,97 0,10
50 4,03 0,12
60 3,21 0,12
7 2,59 0,10
80 2,19 0,11
90 2,06 0,08

660 5 18,9 1,1 [6]
10 11,0 0,7
15 e,67 0,53
20 7,75 0,48
25 6,56 0,08

657 30 5,58 0,15 [7]
40 4,78 0,26
50 3,99 0,20
60 3,41 0,13
o0 2,07 0,03

660 745 17,32 1,85 {20]
16 7,80 0,49
20 6,75 0,29
25 5,79 0,41
30 5,47 0,29

590 50 3,67 0,7 iy
65,1 2,87 0,10

90 2,12 0,05




Table 3 - Continuation

Parameter Energy 0:.-.... Measured Statistical Refs.
MeV value error +

o™ 650 3,1 21 12 [x2]
6,0 16 6

mb/sterad 8,2 12 4
10,5 12 2
12,8 9,7 1,7
15,1 7,3 1,2
17,5 8,6 1,2
19,7 3,6 1,2
22,1 Ty4 1,0
26,3 6,5 0,8
26,7 6,1 0,9
28,9 6,0 0,8
31,2 6,5 0,8
33,5 5,8 0,8
35,7 5,2 0,7
38,0 4,4 0,6
40,3 4,4 0,6
44,7 3,8 0,6
47,0 4,0 0,6
49,2 3,6 0,5
51,4 4,4 0,6
53,6 3,6 0,5
55,8 3,5 0,5
58,0 2,8 0,4
60,2 2,6 0,4
62,4 3,7 0,5
64,5 3,5 0,5
66,7 2,8 0,4
66,1 3,5 0,5
70,9 3,2 0,4
73,0 3,0 0,4
75,1 2,6 0,4
77,2 2,3 0,4
79,5 2;4 0,4
81,4 1,7 0,3
83,5 2,4 0,4
85,5 2,1 0,4

87,5 2,6 0,4



Table 3 - Cc

auation

W Energy 5 Measured St
MeV o.m.8, value er
w 650 39,6 2,0 0,4
poo 657 4,35 0,012 0,028 [13
4,88 0,051 0,024
7,22 0,140 0,029
10,43 0,242 3,026
-~ 10 0,272 0,017
16,27 0,357 0,019
21,28 0,448 0,028
27,87 0,506 0,016
48,17 0,580 0,046
27,6 0,541 0,042
34,4 0,543 0,041
41,2 0,576 0,041
47,9 0,513 0,038
54,5 0,485 0,031
61,0 0,417 0,029
£7,% 0,379 0,037
73,8 0,264 0,038
80,1 0,227 0,035
£6,3 0,11% 0,054
90,3 -0,021 0,033
680 51,2 0,472 0,056 (14]
54,3 0,564 0,041
57,4 0,523 0,039
60,5 0,494 0o 1
63,7 0,386 0,042
66,7 0,375 0,043
70,8 0,384 0,032
73,7 0,317 0,027
76,7 0,252 0,028
79,6 0,198 0,029
82,6 0,175 0,03
85,6 0,129 039
38,7 0,004 0,053



Table 3 -~ Continuation
Parameter Energy 8’ Measureca  Statistical Refs.
MeV o-m.a. value error +
P 635 18,5 0,295 0,045 [19)
34,5 0,460 0,046
45,7 0,467 0,049
56,7 0,437 0,044
67,3 0,335 0,038
90,0 0,032 0,031
12,5 -0,354 0,034
134,3 ~0,47T 0,044
o™ 635 112,5 0,76 0,08 [13
54 0,66 0,28 [13]
72 0,47 0,22
%0 0,93 0,17
108 0,51 0,17
126 0,90 0,22
A% 608 54 0,48 0,09 (1§
72 0,46 0,10
% 0,20 0,06
108 -0,08 0,09
126 ~0,20 0,14
L 635 54 0,45 0,00 [17)
72 0,49 0,08
90 0,26 0,07
108 0,32 0,06
126 0,49 0,13
o 660 90 0,22 0,18 [183
605 90 0,25 0,33 [1d
e 605 90 0,43 0,34  [19]
640 72 0,77 0,18 ES)
90 0,93 0,21
51,2 0,449 0,122
54,3 0,57 0,097
57,4 0,543 0,002

11



Table 3 ~ Continuation

Parameter Energy 03..,,... Measured Statistical Refs.
MeV value error +
& 660 60,5 0,545 0,097 [21]
63,7 0,708 0,1
66,7 0,665 0,104
70,8 0,574 0,079
73,7 0,603 0,069
7647 0,752 0,075
79,6 0,806 0,078
82,6 0,731 0,079
85,6 0,909 0,101
88,7 0,835 0,128
PP
% tot 640 - 39,8 0,6 [12']
o 580 180 10,45 0,80  [23]
mb/aterad 176,5 9,25 1,10
174,16 7,80 0,49
174,16 7,61 0,49
170,75 T,45 0,52
168,5 6,45 0,42
580 166,5 5,96 0,42 [23]
163,8 5,68 0,38
161,5 5,10 0,32
159,25 4,46 0,51
157 4,33 0,38
145,40 3,21 0,12
134,20 2,12 0,15
123,20 1,39 0,07
112,40 0,94 0,05
102 0,94 0,04
91,6 0,97 0,04
81,8 1,17 0,04
72 1,53 0,05
62,33 1,73 0,08
53 2,15 0,17
44,5 2,95 0,14

35 3,78 0,23

12



Table 3 - Continuation

Parameter Energy 0:,,,.,. Measured  Statistical Refs,
Mev value error +
i 580 23,25 5,95 0,68 (23]
11,5 8,21 1,11
mb/sterad 11,5 6,4 0,9
23 4,3 0,5
35 3,7 0,2
630 180 10,60 0,54  [24]
173,1 8,47 0,27
168,45 6,46 0,11
164,0 5,25 0,12
157 4,22 0,097
145,6 3,17 0,075
134,3 2,03 0,065
123,3 1,50 0,063
110,7 0,996 0,052
102 0,996 0,052
9,7 1,04 0,042
81,7 1,245 0,042
72,0 1,44 0,073
62,3 1,70 0,073
52,7 2,33 0,2
44,0 2,84 0,24
35,0 3,55 0,34
45,0 2,74 0,43
34,3 3,93 0,40
23,0 4,58 0,44
1,6 7,94 0,70
590 5 10 1,5 Bel
Y 635 18,5 0,285 0,059 [19]
34,5 0,357 0,052
45,7 0,236 0,036
56,7 0,0955 0,030
67,3 0,0471  B,021
9% -0,262 0,042
112,5 -0,380 0,052
134,3 -0,304 0,043

145,7 -0,197 0,068
13



Table 3 - Continuation

Parameter Energy o° Measured Statistical Refs,
Mev o.m.8. value error +
p"° 605 90 -0,07 0,06 (1]
125 -0,44 0,16
70 0,05 0,18
R 605 90 0,5 0,107 [1)
125 -0,059 0,258
70 0,09 0,20
0™ 635 112,5 0,51 0,39  [15]
o 630 — 37 4 [25]
and(())
o 630 0 0,55¢ 0,044 [2]

14
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Table 4

nucleo
n- nu
cleon scattering

param
eh‘lzat.lon) for 630 MeV
e

’

!v\éets
‘_PhaEe Iy 1
shifts +A8° 50
R LA 8° 2 {
f2 eal parts +A5° 2
5| o0m 000 e
Jso -21166 2,84 2,083 0,007 i 0
31’1 -14,78 9,74 -27,53 4,85 - 9062 0,009 o
P (34,05 4,47 6,26 7,60 | 7,85 2,63 _28’055 0,009
’
S L0646 -40,45 7,80 | 1,97 6,34 »80 2,42
P, |-2 65 -1l ' -58,93 0,82
3 1 4,31 4,03 »29 5’32 - 4 7,12 "48’ 5,55
P2 34,25 ’ —28,06 3,4 0,70 9,91 392 10,90
€ 1,50 2 143 38,12 -67,31 6
5 27,26 2,76 5,42 1,84 N ’ 3,25 36 »87
1D1 ~17,24 2,49 25,32 2,18 -2;93 1,37 21’17 3,85
3D2 Ty17 1,65 -17,59 3,06 1 128 8,60 1’43 1,42
3172 14,40 4,97 6,84 2,27 0,39 5,87 18'34 9,00
(DJ —4,48 2,07 15,83 3,06 6,12 1,77 3’42 5,99
31: 2,58 0,92 ~4,34 3,23 25,15 3,63 L 45 1,97
11-‘2 ~4,03 1,17 -3,93 2,10 6,90 1,79 9,57 5,13
5.2 4,76 2,21 ~7,01 1,34 0,31 1,47 :’15 2,54
s | 20 L0 3,72 2,72 7,99 1,40 0’03 2,26
F4 3,17 0 -3,95 1,5C 2,15 1,80 »37T 2,61
€ »93 1 - -2,9 ’ 0,09
3, 16,77 0,68 122 0,83 196 1,14 20 9 4,16
1(}3 3,62 1,67 18,19 0,60 1,36 0,61 »45 1,70
3.4 5,41 0 0,81 2,24 =1,92 4,64 3,11 0,85
o y 74 5 ’ 3,7 -0,98
3 4 5,63 1 116 0.86 ’,1 2,79 ] 6’52
G 193 ! 4,7 0,54
5 | =315 1 3,17 2,2 »76 0,67 »24 3,70
¢ »04 129 =2 ! 5,7
g ~4,10 0,67 =233 1,92 129 2,98 $71 0,67
1 2,62 0,65 ~6,57 0,59 0,92 0,88 “1,74 2,54
o5 | 265 L4 2,26 0,63 3,43 0,88 1,68 1,62 |
3 5 -3,36 0,82 6,98 1,41 0,61 0,49 =3,48 1,13 |
Hg | -2.40 0,50 -1,88 0,82 =2,64 1,83 ;’03 0,81
2,87 0,47 ';’80 0,95 _5';5 1,53
p Imaginary 194 0,21 229 0,94
3Po partx of phase shift 2,35 0,31 ‘
3 3,64 0,43 -1357 3,64 -
1,2 -1,24 2,38 4
2 a
3F2 14,27 2,11 6,57 2,57 267 0,71 -0»45 6,35
2 16,34 »22 3,4
3 1,99 134 3,75 40
F, ’ 0,22 3 6,6 2,59
F—% ’ 219 2,09 167 2,42 229 2%
x__ 201,72 2,86 2,85 } 3,10 0,36 ,56 2,23
1,13 23,74 | T 1,62 2,00
? . -
1,20 209,55 197 3,20
194,64
I,IG




Table 5

Parameter T(time in arbitra s optim,
ry units) o.m.».
D 0,035 115°
A 0,196 130°
RDn 0’690 1150
Parameter |{T(time in arbitrary optim,
units )
8 c.m.8.
<t 75 /500/ 150° /70°%/
S 11, 24, 30 25°, 65°, 155°

T and T are measurement times in arbitrary units, Measurements on the

parameters D, A, R have been planned urder the assumption that in measuring

spark chamber should be used, In the experiment on the determination of C :n n
and AP :s the polarized proton target and the polarized neutron beam are to be

used., The scales of T and T are diﬂerent/B/

18



Fig. 1, The dependence of triple scattering parameter Rpn on the scattering
angle @ — The curves 1, 1', 2, 2’ were calculated from the phase-
shifts sef@8Rfen in Table 4, respectively.
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