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In papers on the phase shift analysis it has been shown that existing ex­

perimentel data make it po~sible to determine the nucleon- nucleon scattering 

(Ullplitude uniquely in the 50- 310 MeV energy regiono The situation is quite 

different above the threshold of meson production. The phase shift analysis f 11 
has given three sets of phase shifts having approximately equal probabilities. 

The dependence of experimental data on the scattering angle given in ref./ 11 for 

all three sets of phase shifts indicates that the simplest way to detennine the 

scattering amplitude uniquely in this case is to measure the triple np- scattering 

parameters/ 
2
/. The planning of the experiment/ 3 / has shown that the best 

angles at which to measure the parameters R so as to detennine the most 
pn o o o 

probable phase shift set with minimal time loss are 9a • 70 , 90 and 125 

( c.m.s.). ln this paper we give the first results on R measurements at 
~ ~ 

605 MeV • 

INTRODUCTION 

ln order to detennine the parameter R as well as any other Wolfensteirf 2/ 

parameter it is necessary to scatter a beam on three targets successively. Thus, .. 
the first scattering is used to obtain a beam with the polarization P 

1
• The 

second scattering is the process in which the investigated rotation of the pola­

rization vector occurs. The spin state after the second scattering is determined 

in the third analyzing scattering,. 

.. 
The general expression for the polarization < u >a of an initially polari-

zed beam with the polarization P 
1 

scattered on an unpolarized target with spin 

1/2 is 

~ 0 
The preliminary results of R pn measurements at 90 were reported at 

the .xn International Conference on High Energy Physics in Dubna, 1964. 
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.... 0 ... .. ... 
11 <u>1 • 11 l[p1 + D(P1 ,111 )],1 + 

~ ... .. ... 
+(A(P1 ,k 1 ) + R (P1 , if ax k2 )],i•2 x+ ( 1) 

.. .. .. -+ ... .. 
+(A '(PI ,k 2 ) + R'(PI •"2 X k2 )]k' ll 

0 ... ... ..... ~ 

where I a = 'a ( I + P 1 P ll l , n
1 

and n
2 

are unit vectors nonnal to the first and 

second scattering planes, P 2 is polarization in the scattering of the unpolarized 

beam. D, R. A, R' , A' are Wolfenstein parameters. 

.. ... .. ... .. ... ... ... 
•a - "a x k a ; ( n 1 , "a l • co• 1/J 2 ; ( n 1 , "2 x k a l • •ill 1/Ja 

k'2 , k'2 are unit vectors in the direction of the particle momenta before 

and after the second scattering. Taking directions of .:;
1 

and ~· we obtain exp-

ressions ( 1) for Ill <u .. >2 depending only on one or two Wolfenstein parame-

ters. For example, considering the case .:;
1 

.I. ,;"
2 

we find 

... 0 .. ... ... 
Ill< u >lii2 1Pa"ll + RP1 •a + R'P1 ~I ( 2) 

in this case the angular distribution of the scattered particles after the 

third scattering is 

.j. 0 
Ia • Ia h+Pa [Pll co•t/Ja -RP1 olnt/Ja 11 

(3) 
... ... ... ...... 

<• a •"a) • (na xka •"a ) • -•illt/Ja .. .. 
(na •"a ) • co•t/Ja 

Expression ( 3) indicates the possible ways of determining R. First of all 

it is the measurement of the "up- d,own" asymmetry c a in the third scattering 

connected with R by the relation: ~a •-RP1 P8 • This method was previously 

used to determine R in pp- scattering. However, in view of the low intensity of 

polarized beams and low efficiency of neutron detectore, this method in the case 

of pn- scattering, involves great experimental difficulties. The measurement of 

triple pn- scattering parameters is possible only using a detector with a large 

solid angle in 'the third scattering. The simplest possibility is probably io use a 

spark chamber as a detector. 

4 

,,\ 

Working with spark chambers it is better to determine the parameter R by 

the maximum likelihood method/ 
4

/ since we use the angular distribution in 

the whole interval of the scattering angles 8a and t/J1 (lab. syst.). Besicle~, 

P 2 may be simultaneously determined using the same experim,enl41 data. 

I 
When n particles are scattered at the angles 8 1 

function has the following form: 

and 

11 
I I 

L(Pll ,R) • D (1 +Pa !81 l(P1 aoet/J~ -RP1olnt/J 1 l], I• I 

I 

"'· the likelihood 

( 4) 

The most probable values of P 2 and· R are determined from the condition 

that the likelihood function should have a maximum. The method of deter:rnlnlng 

this maximum as well as the errors of the considered values P 
2 

and R is 

treated in detail in ref/ 
5

/ • 

It should be noted that expression ( 3) can be used to find ways of excluo­

ding· experimental errors in the determination of P
2 

and R, due to imperfections in 

the measuring equipment. The correspor;tding values of the instrumental" para­

meters can be determined using an unpolarized beam(<; >2 • o) in the third 

scattering. These errors in determining R may also be excluded if the meaeu-.. 
rement is carried out with the change .. of th_; polarization direction P 

1
• For P :i. 

parallel or antiparallel to the vector n 2 x k 2 , respectively, expression ( 3) 

reduces to 

11 • f1 {1 + P1 (P 1 aaot/J 1 ; RP1 oint/J 1 l) . (5) 

I 
Since the sign of the "instrumental" value R does not change -,vhen the direc-.. ' ' . 
tion of p is rev8rt$8cl, the mean values of R for the primary beam polarizations P 1 .. 1 
and - P 

1 
will be equal to · the real value of R. 

EXPERIMENTAL EeUIPMENT 

The scheme of the R experiment for Ba • 90° and 125° is given ln 
pn 

Fig. 1. The polarized particle beam was produced by scattering the external 

proton beam from the accelerator 1 on carbon target 5. The external proton 

beam was deflected 2 ° upwards with the help of the magnet pole pieces 2 placed 

in the fringlng magnetic field of the accelerator and was focused by quadrUpole 

magnetic lenses 3. After being deviated 8° downwards with the help of the 

auxiliary magnet 4 the beam was scattered on the carbon target. The thickness 
-1 2 0 of the target was 23!!.! em • Protons scattered on carbon 6 upwards produced the 

resulting beam with the polarization P 1 • 0.37±.0.03. 
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In order to exclude the "instrumental" effects in the measurements at 

(J ~ • 125 ° ( c.m.s.). the direction of the polarization vector Pi was changed to 

the opposite one during the experiment. The change in the arrangement of the 

equipment shaping the polarized beam in this case is shown by the dashed line 

in Fig. 1. The unpolarized 605 MeV proton beam was used for the same reason 

in the experiment at (}~. 90°. 

The polarized proton beam was focused by quadrupole magnetic lenses 7 

passed through a collimator in the screening wall of the accelerator 8 and was 

deviated by the magnet -9by6° upwards. This also served to separate from the 

beam the admixture of neutral particles mainly neutrons produced by the charge 

exchange scattering of protons on carbon. Since the vector of the magnetic 

field strength is parallel (or antiparallel) to .. the polarization vector P 
1 

during 

the deviation of the beam, the polarization P 
1 

is not changed. Having passed 

through additional collimators the polarized beam hit the "neutron" target and 
6 .2 

was scattered for the second time. The beam intensity was 2.10 protons/em s~c 

at 605 + 9 MeV / 
12

/ at the point of the second scattering. 

Neutrons in deuterons were used as a "neutron" target. The CD
2

- C dif­

ference was measured; quasielastic pp- scattering was excluded by an anticoin­

cidence counter. Heavy polyethylene ( 5.28 g/ cm
2

) and graphite ( 4.07 g/ cm
2

) 

cylinders were used as scatterers in the measurement at 90°; at 125° the 

thickness of scatterers was 4.3 g/ cm
2 

and 3;,26 g/ cm
2 

for CD
2 

and C, respee>­

tively. Hydrogen atoms were replaced by deuterium ones in heavy polyethylene 

by 98')b. The angular resolution in the second scattering was ~81 • ~.4°. 
·~. 

The block- diagram of the electronic part of the equipment is shown in 

Fig. 2. c
1

, C., and c
5 

were conventional scintillation counters. The counters 

c
3 

and C 
4 

W:re neutron detectors/ 
61 and detected " stars" produced in the 

nuclear interactions of neutrons in the scintillators of these counters. The de­

tection efficiency of the counters for charged relativistic particles was much 

decreased by the choice of a correct photomultiplier regime, detection efficiency 

for neutrons being completely maintained. The neutron detection efficiency of 

such a detector is rather low ( • 5%) and two neutron counters are used ins­

teat:! of one, so as to increase the counting rate. 

Elastic scattering events on neutrons in deuterium were detected by a 

telescope consisting of the scintillation counters c
1 

and c
2 

connected in coin-· 

cidence with the neutron counter c
3 

or c
4

• The counter c
5 

connected in anti­

coincidence with other counters was used to remove the background of charged 

particles, mainly due to the quasielastic pp- cqllisions; A coincidence circuit with 
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distributed amplification described in ret./
7 

/ was employed in the measurem~nts. 
The resolution time of the coincidence circuit was chosen to be equal to 10nsec. 

A pulse from the output of the coincidence circuit tr~ered the pulse generators 

feeding spark chambers, picture counting and camera control circuits. 

The polarization <-;'!I in the second scattering was analyzed by scattering 

on an analyzing target placed inside the spark chamber 19 ( Fig. 1). Aluminium 

(24 g/cm2 ) and carbon (6.75 g/cm
2

) analyzers were used at 90° and 125°, 

J;'espectively. In both cases the target was divided into two parts to decrease 

the multiple Coulomb scattering. Aluminium was used because its analyzing po­

wer was determined previously! a/ • Carbon was chosen in view of the necessity 

to decrease the mean angle of the multiple Coulomb scattering. 

The spark chamber 15 made it possible to exclude reliably events in 

which a charged particle passes through the neutron counter. The projection of 

tracks in chambers on two interperpendicular planes was photographed using 

a standard 35 mm film. The whole experimental equipment was protected by a 

lead screening. 

Measurement 

The ang\.Wu' distribution of protons scattered on the analyzer was observed 

when a cn
2 

( 1
3 

ODt ) target was put into the beam as the second scatterer. 

The p, n-scattering occurred in this case either on the deuterium neutrons or 

on neutrons bound in carbon nuclei. The second effect is the background. It 

was determined by observing the proton angular distribution 13C tin the chamber 

when the CD
2 

scatterer was replaced by a carbon (C) scattererx/ • The ratio 
0 0 

of CD
2 

and C effects was 1:3 and 1:4 for angles of 90 and 125 , respectively• 

It should be noted that the chamber background was increased several 

times due to the relatively long time of the spark chamber " memory'' ( about 

1 I' sec). The long "memory" time sometimes caused the appearance of pictures 

with two or more particle tracks. Since pictures with more than one track were 

not treated, such a background was excluded in scanning. 

One of the most important stages of the experiment were the following: 

the determination of "instrumental" parameters and the measurement of the ana-

x/ 
lf anticoincidences were insufficient, the background could also be 

caused by the scattering of protons on protons contained in deuterium and car­
bon nuclei. However, additional experiments determining the difference betweeh 
effects on CH

2 
and CD

2 
targets equivalent with respect to the niJlli>er of nuclei 

have shown that this baCkground is negligible. 

7 



Jyzing power P 
3 

in the third scattering. The lU'V!Ilyzlng power was taken from 

ref/ 8 / in experiments at 90°. The 11 instn.unental11 parameters were measured 

using an unpol.ariz~d proton beam. The anisotropy 13 . of the angular distribution 

Ir (with respect to the azimuthal angle) in this case 1a due completely to the 
3 . 

imperfections of the experimental arrangement. It was used to correct the resu- · 

us of the measurements. The 11 instn.unental11 parameters were not determined at 

the angle of 125°. Since the measurement of R was carried out for two opposite 

directions of the primary beam polarization P 
1 

the 11 instn.unental11 effects were 

excluded. The real value of R was obtained by averaging the two measured 

values. 

0 
For P 

3 
rmasurements at an angle 91 • 125 a spark chamber with the 

analyzers (graphite blocks) inside it was placed into the polarized 135 MeV 

proton beam ( the energy of protons after the . second scattering at the angle 

81 • 125°). To obtain this energy the 605 MeV polarized proton beam 

with the polarization P 
1 

• 0.37 :t. 0.03 was passed through a ·polyethylene absor-­

ber. The P 
3 

measurements as well as the main experiments w:ere performed for 

two directions of P 
1

• 

Treabnent of Experimental DatA and Results 

The number of useful events is shown in 'l'a.ble 1 

Table 1 

Scatterer in Angle of the Number of 
the second second events Note 
scatter~- scattering 

--
CD

2 
90° 5671 lll.lain experiments 

c 90° 2962 

H2 90° 15836 11 instn.unental11 parame-
ters measured with an 
unpolarized beam 

CD
2 

125° 5630 lll.lain experiment 

c ·125° 797 

9355 Determination of P 
3 at 135 MeV 

40251 Total number of events 

Data on preliminary experiments at 90° were treated using a diascope. 

The main information was treated with a semi-automatic device specially developed 

8 

':j 
Ai; 

{f 

!,i, 

I<J, 

.. 

for these purposas/ 9 / • The results were written down by the device in Grey 

codoe on fiv&- track paper punched tape which was then treated on an electronic 

computej 10/ • Corrections for geometrical distortions arising in taking track 

pictures/ 11/ were introduced in the treabnent. 

Useful events were selected in the scanning of pictures according to the 

following criteria: 

1. A picture has only one track in the proton branch. 

2. There is no track in the neutron branch in the corresponding picture. 

3. The deflection angle of the proton track in the chamber exceeds 2° at 

least in one projection. 

Additional requirements were imposed in the treabnent on the computer. 

1. The third scattering angle e. should lie within 4° ~ e, ... 30°. 

2. The angle at which the track enters into the spark chamber differed 

frora the mean entrance angle determined from a large number of events by no 

more than 3°. 

The lower llmit of the scattering angle 8 1 was determined so that the ef­

fective cross section of the Coulomb scattering was smaller than that of nuclear 

scattering. The upper limit is due to the tact that above 30° the effective cross 

section decreases, the contribution of inelastic collisions increases and the ~ 

lyzing power is reduced. 

For the treabnent on an electronic computer the angular distribution of 

protons in the spark chamber (in all the cases) is approximated ~ expres -

sion ( 3): 

Ia <8a '"'·).I~ u~.) II+ Pa (8 I )[Pa cost/Ja -PP, •1•</Ja ll • 

The most probable values of the unknown parameters P 2 and R were found 

from the condition of the maximum likelihood functioj 
4

/ • The maximum was 

obtained by the linearization method which allows simulianeously to find the most 

probable parameter values and to determine their errors taking into account the 
I 5 1o/ 

errors of other quantities in ( 3), refs. ' • 

0 
When P 

2 
and R were determined tor 90 we proceeded from the fact 

that the angular distribution ~"(; of protons after pn- collision in the second scat­

tering can be expressed in terms of the experimentally measured angular distri-
cna c 

buUon I 3 , 1
3 

and 1; 

9 



pn cna c I I 
18 • (1 8 - JC 2 18 -Ktla llrj 

where K
1 

and K
2 

are relative probabilities for scattering on D
2 

and C contained 

in a CD
2 

scatterer, respectively, normalized so that K
1 

+ K
2 

• 1. Using ( 3) and 

( 6) one can easily obtain 

CDa c I 
Pa • (Pa -JC 2 P 2 -JC 1 P 2 ) • _ 1 _ 

1:, ( 7) 
CDa C I I 

R • (R -JC2 R -1: 1 R l• 
-rt 

c CD a c I I CDa 
where P

2 • p2 ,R ' R ,P
2

andR are parameters obtained in 

treating the corresponding angular distributions, 

The relative probabilities of scattering on K
1 

<:lnd K
2 

were determined 

experimentaliy from the corresponding counting rates. For the angle 8.2 • 90° 

these values are K
1 

• 0,699 and K
2 

• 0.301, 

As has already been mentioned, in experiments at an angle of 125° "ins­

trumental" effects in the proton angular distribution after the third scattering 

were excluded by averaging the results obtained at two directions of the prima­

ry beam polari2;ation P 
1

• In this case .P 
2

1 
an!i R 

1 
were set to be equal to zero 

in formulas ( 7). K
1 

and K
2 

for 8 2 • 125° are 0.75 and 0,25, respectively, It 

is worth noting that the "Instrumental" parameters R 
1 

( 90°) and R 1 
( 125°) have 

been determined independtly of their source, This is seen from formula ( 3) 

since the,. change of P 
1 

directly affects the value of R, In the case of the pola­

rization P 
2 

the correct value of P 
2 

was found only in measurement at an angle 

of 90° when use was made of the unpolarized beam ( the angle of scattering 

for 82 • 90° ;was established to an accuracy of ;t,12'), In rotating the polariza-
_... 0 

tion vector P 
1 

by 180 only a part of the "instrumental" effects in P 
2 

was 

excluded connected directly with the beam ( e.g., non- perpendicularity of the 

planes of the first and second scatterings). Estimations showed that the change 

of the polarization P 
2 

due to the mentioned effect can be at most ;t, 0.014, 

Table 2 presents for comparison the values P ~ P 
3 

188 ) • t P and 
I ---- 0 0 

P 1R P
3 

(@
8
l=t

2 
for measurements at the angles 90 and 125 , These are the 

averaged righ~left and up-down scattering asymmetries, respectively. 
Sa max 

In this case --- J P8 (88 ). 1: d88 
P 8 (88 )- ~-~a .... .,l""n ____ _ 

f
0 8mox 0 

Ia d8a 
88mln 

10 

·~i;t 

:: 

-~:1, 
1 . 

'I 

·~·-··· 
:I 

.. , 

l 

1:! 
I 

.L_ 

0 

where 1s is the effective cross section for tt1e scattering of unpolarized pre>-

tons on the analyzer. 

'Table 2 

t\mlo -eamax f p .J: ~~ p f + ~~ 
R - R 

90° 
6°- 30° 0~0685 :!.. 0~009 0,055 ..:!: 0,006 

7°- 30° 0,049 't... 0,010 0,039 :!.. 0,006 

6°- 30° 0,026 :!.. OL026 0,084 :!.. 0,.016 

7°- 30° 0.013 :!.. 0,030 0,057 :!.. 0,017 
125° 

It is seen from '!'able 2 that t P and 'a in both cases coincide within 

errors. 

In treating the results the smallest value for the angle 8 8 was determined 

above which the Coulomb scattering ceases to be important. With this aim the 

data were treated in the range 8s1111a :;; 8 s :;; ao 0 
and the values of 8a1111a are 

taken from 4° to 12° (l.s.) with a 1° step, As a result it turned out that begin­

ning from 8 81111a • 6° the values of the parameters P 
2 

and R are constant within 

the errors for all the treated angular distributions ( Tables 3 and 4), 

The value P 
1 

• 0,3 7 ;t, 0,03 was taken from the renormalized results of 

ref./ 
12

/. 'To determine the analyzing power P
3

!8a l for Ai in experiments at 

90° the results of ref./ sf were used, Unfortunately, measurements of the analy-

zing power P 
3 

(8 a l for carbon at 82 • 125° allow one to obtain only a rough 

estimate of P8 (8a) because of the short measuring time, The main source of 

information on P 
3 

was in this case ret,/ 13/ , in which polarization has been 

measured in 95 MeV proton scattering on carbon, was found taking into ac-

count inelastic collisions. In this case a normalizing factor taken from ref./ 
15

/ 

was introduced, The energy of 95 MeV approximately coincides with the rttlin 

proton energy in the thrid scattering since the proton energy equal to 121 MeV 

at the chamber entrance is reduced to 72,5 MeV at the analyzer output. 

11 



Table 3 

Results of treAting experimentAl dAta. in the interval ~.~a~8a~ao0 

for various 8 
3 min with 82 • 90 

0 

0 

8amiD PI :AP1 R :All 

4 0.060 0.061 Oo2S6 0.115 

5 -0.0?? 0.063 0.420 0.10? 
6 -0.0?0 0.064 0.500 0.10? 
? -0.112 0.0?0 0.402 0.10? 
8 -0.105 0.0?4 0.360 0.10? 

9 -0.06? 0.0?8 0.403 0.107 
10 -0.009 0.084 0.451 0.108 
11 0.035 0.087 0.546 0.110 

Table 4 

Results of treating experimentAl data in the interval 8 
3 

min ~83 ~30° 
for various 8 3 min with 82 • 125 

0 

0 
8,_ PI %.. API R :t:AR 

4 -0.940 0.118 -0.146 0.201 
5 -0.600. 0.145 -o.16? 0.239 
6 -0.4;8 0.160 -0.059 0.258 
? -0.207 0.165 0.012 0.2?4 
8 -0.154 0.174 -0.011 0.283 
9 -0.039 0.185 -0.002 0.290 

1 0 -0.074 0.193 0.021 0.298 
11 -0.098 0.198 -0.053 0.302 
12 -0.012 0.200 -0.052 0.309 

The dependence 1
0 

P 
3 

( 8 ) on energy in our case is close to linear 

in a sufficiently wide energy range ( Fig. 3). The averaged values 1
0

P
3 

( 8 ) 

in the energy interval from 72.5 to 121 MeV coincide within the errors with the 

value of I
0

P
3 

( 8) at 95 MeV. 

12 

The dependence P 
3 

( 8a ) was approximated by the function 

D 
P3 (83 ,_.m8a . I •a ooa 8a ( 8) 

in treating the resul~. In All the cases the first four terms of series ( 8) descri­

bed aatis.factodly the experimental dAtA. 

CONCLUSION 

The obtAined values of the parameters 

P 2 (90°) • -0.07;t.0.06 R(90°) • 0.50 ;t.0.11 

P 2 ( 125°) •- 0.44 .:t0.16 R( 125°) •- 0.06 ;t.0.26 

best of All agreed with the values calculated in ref/ 1/ using the second phase 

shift set, whereas the value of the parameter R excluded the first and third sets 

( the deviation was equal t9 six errors). However, it was known that a more 

detalled phase shift anellysis in analogous conditions sometimes gives changed 

solutions which already describe the new dAta. satistactority. In this connection 

the sets of phase shifts obtAined earlier were specified using the new dAta. on 

P 
2 

and R. It turned out that only the third solution ( )( 
2 

is increased up to 143) 

is rejected, w~reas the first and second ones remain approximately equally 
2 ~ 

possible according to the )( " criterion ( )( • 99.56 and 86.0, respectively). The 

new phase shifts of these sets are listed in Table 5. 

Fig. 4 shows the angular dependence of the parameter R calculated from 

the two remaining phase shift sets. It is seen from the curves s11-own in Fig. 4, 
0 0 I 

that the measurements of R with 8 2 • 60 - 70 are still the optimum way of 

determining the most probable of the two sets. Simultaneously with the determina­

tion of P 2 and R the same quantities have been measured in the quasielastic 

scattering of polarized protons on neutrons bound in carbon nuclei. The follow­

ing results have been obtained: 

c 0 
P 2 (90) •0.02 ;t.0.06 

c 0 
R ( 90 ) • 0.23 :t. 0.11 

P~(125°)•- 0.27 ;t.Oo26 
c 0 

R ( 125 ) •- 0.49 :t. 0.41 , 

It should be noted that the values of P 
2 

and R obtained in proton scattering 

on neutrons in deuterium nuclei can, in pri.nciple, differ from those for free p- n 

scattering;. The coiTesponcUng COITections to experimentAl values have been 

calculated for the energy 147 MeV/ 16- 21/. These calculations are not quite 

sultable for our case since they take into account only interactions in the S -' 

13 



state. However, these corrections should decrease with decreasing angle and 

increasing energy (lnd for our case they seem to be smaller than the experimen-

tal errors. Besides, direct experiments have shown that P and D in the pp pp 
case of elastic and quasi-elastic scattering (on a proton in a deutron) at 630MeV 

coincide within experimental accurad 22/ • Nevertheless the problem of the prob­

lem of the corrections for qua:sielastic scattering deserves a special considera .­

tion. 
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I 
I-st sE!t 2-nd set 

Phase 
30 I .±ABo· 30 I shifts 

Real parts of phase shifts 

f2 0.088 0.008 0.063 
1s @7 (9:(1 -24.95 
3 0 
s1 - 3·;t 9.16 2.26 

3p -37-. 11.61 -50.94 
1 0 -18,1 5.89 -60.37 p1 
3p -27.4 3.54 -35.83 
3 1 

27.5 2.52 20.93 p2 
I 

£ 22.09. - 2.99 1.34 
31 

-15.38 3.75 18.52 D1 
1D 7.43 1.73 6.00 
3 2 

17.61 3.55 21.96 D2 
3n - 1.11 3.57 9.91 3 
E.2 - 2.2: 1.74 - 8.36 

~2 - 7.1 1.49 - 0.67 
1F 4.7~ 3.04 4.49 
3 3 

- 4.0 1.68 - 9.83 F3 
~4 0.3~ 0.95 3.18 

f 

£3 18.8\3 0.97 1.40 
3G - 1.1~ 2.76 3.13 
1 3 

G4 
. 6.1 0.75 5.96 

3G 2.2~ 2.58 - 3.37 3 4 
G5 - 2.4~ 2.02 0.82 

(.4 - 6.0 0.57 - 4.00 
3H 1.5~ 0.68 2.98 1 4 

H5 7.4 1.81 - 1.85 
3H - 3.~ 0.87 - 5.06 
3 5 

H6 2.50 0.56 2.62 

Imaginary Parts of Phase Shifts 
?p 2.13 5.18 5.38 
3 0 
p1 - 3.17 2.30 -3.24 

3p 8.50 2.71 4.37 1 2 
D2 14.29 4.03 2.39 

3F 1.42 2.41 6.77 
3F~ 4.60 3.64 6.23 

2 ';l';lob'!- tl5ol::l1 )( 

·±. Mo 

0.009 
2o53 
7.51 

14.53 
9.45 
4.46 
1.63 
1.08 
1.07' 
2.51 
5.93 
4.13 
2.41 
2.69 
3.67 
1.86 
0.9? 
7.64 
4.05 
0.74 
2.92 
1.35 
1.07 
0.90 
2.63 
1.07 
0.42 

-~~ 

7.38 
3.39 
3.19 
3.27 
3.13 

------:__~ 

4.07 -~ 

~ 
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Fig, 4, 
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0 I I .1 \1 IL I I I J.U 1. I 1. ~." 

Dependence of R on the angle II~ ( c.m.s.) calculated from the phase 
shift sets 1 and :fnin Table 5, The lines are the calculated corridor of 
errors, f - the experimental points measured in this investigation. 
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