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I ntroduct ion

It is well known that the pp elastic scattering amplitudes are 

uniquely determined up to about 600 MeV.1 However, although the phase shift 

solution is unique, it is not as precise as one might wish, particularly 

in low partial waves (which contain the essential physics) and at the 

higher energies. We investigate the improvements possible in the phase 

shifts from fresh measurements in the range 200 to 520 MeV, readily access­

ible at TRIUMF, particularly of Wolfenstein parameters D, R, A, R' and A'. 

We assume a reasonable goal for fresh measurements to be ±0.8% for da/dft, 

±0.01 for P and ±0.025 for other parameters, and seek a combination of 

measurements which reduces the errors on all observables to these levels.

A subsequent report will deal with the less healthy np system.

Method

First we use all existing data to do single energy phase shift 

analyses at 200, 320, 380, 425 and 520 MeV. The data set is very close to 

that of Arndt et at.1 However, we keep, with increased errors, a few data 

points which they reject. We also add the recent Maryland measurements of 

da/dfi2 and Geneva data on P at small angles.3 Our phase shift solutions 

and error matrices closely reproduce the published values of Arndt et at.

From these solutions we predict, using the full error matrix, 

values and errors for all the common experimental observables from 10 to 

170 deg (Tables IV). These errors immediately indicate what most needs 

measuring, and at what level of accuracy. We choose convenient groups of 

new measurements and find their effects on the error matrix of the phases 

(Tables V), until the errors on all observables are below the limits 

specified in the Introduction.

The Choice of Variables

Phases up to and including 3Hg are treated as variables; higher 

partial waves are set to OPE values. At 320 MeV we include inelasticity in 

3Pl only. At 380, 425 and 520 MeV we allow inelasticity in ^ 2  only. This 

is undoubtedly an over-simplification. However, we find that the elastic 

amplitudes are generally insensitive to small inelasticity (whose effect 

can be simulated by a small change in phase), and our conclusion is that
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the small inelasticity parameters are better determined by studying the 

inelastic channels.

We do not attempt an energy-dependent analysis, since our feeling 

is that at this level of accuracy the energy dependence must be flexible 

enough to accommodate an S-shaped excursion through the chosen energies 

(due to poles below threshold and inelasticity above 500 MeV). We omit 

very little data of consequence at intermediate energies: data close to

our chosen energies Ej are reliably adjusted to Ej using the energy 

dependence of the phases.

We have investigated the effect of varying g2 , the tt°NN coupling 

constant. At 200 MeV the error on g2 from existing data is ±3-^, and at 

320 MeV it is ±3.8. Data at ^25 and 520 MeV give no real determination 

of g2 . We conclude that g2 is fixed essentially by the lower energy data 

(particularly around 1 **0 MeV and near threshold), and that it would un­

fairly inflate the errors at the higher energies to treat g2 as a variable. 

Accordingly, most results are presented with g2 fixed at 1^.4. We remark, 

as is well known, that g2 is essentially determined by data at small 

angles. Values of D and A' are particularly sensitive to it. Table I 

shows the accuracy with which g2 is determined by various measurements at 

200 MeV.

Table II shows the effect on x2 of fixing some or all of the bl­

and G-waves at OPE values. Existing data show little deviation from OPE 

in the H-waves, except perhaps in 3Hit at 200 and 520 MeV. Exchanges of 

heavier mesons are to be determined from the lower partial waves, particu­

larly P, D and F. We maintain that it should be possible subsequently to 

predict the tiny contributions from heavy boson exchange to G-and H-waves, 

and hence to reduce the errors on the low partial waves by a bootstrap 

operation. From an experimental viewpoint one wants to be sure that fresh 

experiments are more powerful than this type of theoretical constraint.

As an example, we show in Table III the reduction in the errors in low 

partial waves at 320 MeV when G- and H-waves are fixed at OPE. (Small 

contributions from heavy mesons will not affect the errors significantly.) 

From this and Table V(b) we can judge which experiments are more powerful 

than theory, and the conclusion is that theory alone is not enough.
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The Choice of Measurements

Tables IV show the errors on all the common experimental observables 

from 10 to 170 deg. The situation deteriorates rapidly as the energy rises. 

Except at 520 MeV, dc/dfi and P are already predicted with an accuracy 

close to our goal. Tables V display the diagonal elements of the error 

matrix resulting from existing data W, plus various hypothetical addition. 

The angular range is arbitrarily broken up into three sections, 0-60 deg, 

60-120 deg and 120-180 deg, which require rather different experimental 

configurations (dictated by the range of the recoil proton). We choose a 

set of measurements common to all energies and concentrate on Wolfenstein 

parameters rather than correlation parameters, since we believe they are 

easier to measure. We assume that one would measure P with an accuracy 

±0.017 and Wolfenstein parameters with an accuracy ±0.025, with a common 

normalization with uncertainty ±0.025; the P measurements serve only to 

normalize the Wolfenstein parameters. We find that R is generally less 

useful than D, but the experimental configuration is so similar that we 

assume both would be measured in practice.

We summarize our general observations, and then discuss individual 

energies.

1) Measurements at one particular angle often greatly reduce the 

errors on other observables at the same angle. However, measure­

ments at angles more than 15 deg apart are largely independent, i.e. 

a measurement at small angles does not usually reduce the errors 

near 90 deg. An exception is that accurate measurements from 0 to 

60 deg generally reduce errors in the range 120 to 180 deg (i.e. 

transfer parameters) to a low level.

2) It is essential to have good (1%) da/dft data over the full angular 

range, in order to fix the normalization of the large amplitudes.

The normalization of existing dcr/dft data is frequently unreliable, 

and the normalization is therefore fixed by the total cross-section. 

This is a rather unhappy situation, since no cross-check is avail­

able. We suspect that the increase in x2 going from energy- 

independent analysis to energy-dependent analysis as observed by 

Arndt et at. is largely due to normalization problems.
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3) D is sensi tive to tensor parameters £ 2 and ei* and g2 ; it is a vital

parameter over the full angular range 0 to 120 deg.

h) R is sensitive to singlet phases; it is less useful than D, and

could be omitted from 60 to 125 deg at b25 MeV.

5) Measurements of D and R from 13 to 115 deg reduce errors on most ob­

servables to our goal and therefore largely exhaust the necessary

measurements. Table IV(e) illustrates this at A25 MeV. However, 

some further measurements are necessary and vary with energy. R' 

can be measured with a configuration very similar to R, and for 

this reason we have systematically included R' (33 deg) in Tables V; 

its weight is not great, and one angle between 0 and 60 deg is enough, 

except perhaps at 520 MeV where measurements at larger angles would 

help. More useful, but much more difficult, is A' (longitudinal 

spin before and after the scatter); it is highly desirable at all 

energies from 0 to 60 deg. A is a somewhat less satisfactory sub­

stitute^.g. Table V(b)).

Off-Diagonal Elements of the Error Matrix

Generally these are small and follow the trend of the diagonal ele­

ments. However, a striking correlation exists at all energies between 3Pi 

and 3P2 (Table VI). This is because they are the largest phases and 

dominate da/dJ2 and CTj at all energies; their similar effect on da/dfi 

(except in the Coulomb interference region) causes a strong correlation in 

the phase shift solution. The x 2 surface in the two-dimensional sub-space 

of the 3Pi and 3P2 variables has contours which are narrow ellipses, and 

the eigenvalues X of the error matrix, given by

H r r 2E11 + E22 + E12 + jf[EH "  22
are of greater interest than the diagonal elements themselves; they are 

shown in Table VI. Any measurement which reduces the correlation helps 

substantially in reducing the larger eigenvalue. In this respect, the 

otherwise ineffective R f(33 deg) measurement is useful in eliminating a 

strong correlation between 3Pi, 3P2 and 3H5 , hence its inclusion in the 

selection of measurements. (However, A r would do the same job better.)
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Cone!usi ons

We discuss our requirements at individual energies.

200 MeV: The data are already of such accuracy that the only worth-while

additions are i) D (13 deg) 'to fix g2 with greater accuracy, 

ii) D and R close to 90 deg, and iii) A' (13—53 deg).

320 MeV: Measurements of D and R from 13 to 115 deg make a valuable re­

duction in the present errors. Either A' or A is desirable from 

13 to 53 deg, A' being the better.

425 MeV: The greatest need is for D and R from 0 to 60 deg. However, to

reduce the errors on all observables to the goal given in the 

Introduction one would like measurements of D from 65 to 115 deg, 

A f from 0 to 60 deg, and da/dft across the full angular range.

520 MeV: The present x2 minimum is very ill defined, and one really needs

extensive new measurements. One gets a vast reduction in the 

errors from measurements of D and R from 0 to 120 deg. New 1% 

measurements of dcr/dft are also important, and Cnn from 30 to 

90 deg is highly desirable. For the sake of completeness,

Table V(d) lists other measurements which would finally reduce 

the errors on all observables to the arbitrary level specified 

in the Introduction; however, it will be better to make fresh 

judgements after the first round of new measurements.

380 MeV: Present data do not give a well-defined x2 minimum. However,

much of the data at this energy is of high quality, and the addi­

tion of D and R from 0 to 115 deg gives an excellent minimum. 

Again A' in the range of 0 to 60 deg is desirable. It seems 

presently that sizable errors in the predictions for C and Aag 

parameters at small angles can only be eliminated by measuring 

one of these parameters from 0 to 60 deg, the one with the 

greatest sensitivity being hzi- However, 380 MeV is unique in 

this respect, and it may be an artifact which disappears once 

data define a true x2 minimum.
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T a b l e  I .  T h e  e r r o r  on g 2 f r om mea s ur ement s  a t  D ( 13 d e g )  and A ' ( 1 1 . 5  deg)  
a t  200 MeV as a f u n c t i o n  o f  t he a c c u r a c y  o f  t h e  mea s ur ement s .

Dat a 6 g 2

P r e s e n t  d a t a ± 3 - A0

<5D ( 13 d e g )  = ± 0 . 0 2 5 ± 1 . 6 7

6 D( 1 3  d e g )  = ± 0 . 0 1 7 ±1 . A7

<5D ( 13 d e g )  = ± 0 . 0 1 0 ± 1 . 3 2

6D( 1 3  d e g )  = ± 0 . 0 0 5 ± 1 . 2 6

6 A ' ( 1 1 . 5  d e g )  = ± 0 . 0 2 5 ± 1 . 7 7

<5A' ( 1 1 . 5  deg)  = ± 0 . 0 1 7 ± 1 . 6 8

6 A ' ( 1 1 . 5  d e g )  = ± 0 . 0 1 0 ± 1 . 6 2

T a b l e  I I .  V a l u e s  o f  x 2 w i t h  v a r i o u s  G-  and H- wa v e s  f i x e d  a t  OPE v a l u e s .

V a r i a b l e s 9 2
200

E n e r g y

320
( MeV)

A25 520

A 1 1 G-  and H- wa v e s  f r e e f r e e 5 0 . 6 1 1 7 . 5
A1 1 G -  and H- wa v e s  f r e e 1A. A 5 0 . 9 1 17 . 9 1 3 7 . 6 1 2 8 . A
3H6 f i x e d  a t  OPE 1 A.  A 5 2 . 9 1 22. 2 13 7 . 6 132. 5
3H6 and 3H5 f i x e d  a t  OPE 1 A.  A 5 A. A 12 A . 6 1A0. 2 13A. 3
A l l  H - wa v e s  f i x e d  a t  OPE 1 A.  A 6 1 . 7 125. 2 1A1. 5 162. 3 ,  u n s t a b l e
G-  and H- wa v e s  f i x e d  a t  OPE 1 A.  A 7 1 . 8 1 2 5 . A 160. 1 161. 7

T a b l e  I I I .  T h e  e f f e c t  on t h e  d i a g o n a l  e l e me n t s  of  t h e  e r r o r  m a t r i x  ( d e g r e e s 2 ) o f  
f i x i n g  H - wa v e s  a t  OPE v a l u e s  a t  320 MeV.  ( g 2 i s  f i x e d  a t  14.1*)

V a r i a b l e s 3Po ' So 3Pi 3P2 e 2 3p 2 l D 2 3f 3 3P'+ ei* 3Hi* %  3h 5 3H6

H - w a v e s  f r e e 2 . A 8 1. 5 7 0 . 7 9 0 . 2 8 0 . 1 5 0 . 2 9 0 . 1 8 0 . 3 6 0 . 0 6 0 0. 11 0 . 1 A 0 . 0 7  0 . 2 8 0 . 0 3 6
H - w a v e s  a t  OPE 1. 8 7 0 . 9 8 0 . 5 3 0 . 1 9 0 . 1 2 0 . 2 5 0 . 1 3 0 . 3 3 0 . 0 A 0 0 . 0 5 A - 0 . 0 3 9  - _

G-  6 H - wa v e s  a t  OPE 1. 8 2 0 . 8 9 0 . A 2 0 . 1 5 0. 11 0 . 2 3 0 . 1 3 0 . 3 3 0 . 0 3 9 0. 051 - - -



Table IV(a). Predicted errors on common observables at 200 MeV from the phase shift
analysis of existing data. (g2 fixed at I1*.4; phases varied up to H&)

A n g l e  

fc.m. dea)

6a/o 6P 6D 6R 6A 6 R ' 6 A ' 6 C Kp 6c nn 6 C k k
6C pp 6A XX 6AZZ 6 AZX

U lllU l uV3 i  

10 0. 011 0 . 0 0 3 0 . 021 0 . 0 1 7 0 . 0 0 8 0 . 0 0 4 0 . 0 4 7 0 . 0 1 0 0 . 0 2 0 0 . 0 1 0 0 . 0 4 6 0 . 0 1 0 0 . 0 4 7 0 . 0 0 6

20 0 . 0 0 5 0 . 0 0 4 0 . 021 0 . 0 1 3 0 . 0 1 2 0 . 0 0 9 0 . 0 1 9 0 . 0 1 4 0 . 0 3 6 0 . 0 1 8 0 . 0 3 4 0 . 0 1 4 0 . 0 3 8 0 . 0 1 2

30 0 . 0 0 5 0 . 0 0 3 0 . 0 1 2 0 . 0 1 0 0 . 0 0 8 0 . 0 1 0 0 . 0 3 6 0 . 0 1 0 0 . 0 1 8 0 . 0 1 7 0 . 0 4 4 0 . 0 1 6 0 . 0 4 5 0 . 0 1 0

40 0 . 0 0 5 0 . 0 0 3 0. 011 0 . 0 0 9 0 . 0 1 0 0. 011 0 . 0 3 6 0 . 0 0 5 0 . 0 0 8 0 . 0 2 3 0 . 0 4 3 0 . 0 1 7 0 . 0 3 8 0 . 0 1 9

50 0 . 0 0 6 0 . 0 0 4 0 . 0 1 3 0. 011 0 . 0 1 2 0. 011 0 . 0 2 2 0 . 0 0 4 0 . 0 0 5 0 . 0 2 2 0 . 0 2 9 0 . 0 1 3 0 . 0 2 0 0 . 0 2 0

60 0 . 0 0 6 0 . 0 0 5 0 . 0 1 3 0 . 0 1 2 0 . 0 1 7 0 . 0 1 2 0 . 0 1 9 0 . 0 0 5 0 . 0 0 4 0 . 0 2 5 0 . 0 2 6 0. 011 0. 011 0 . 0 2 4

70 0 . 0 0 5 0 . 0 0 5 0. 02 1 0 . 0 1 9 0 .0 2 1 0 . 0 1 8 0 . 0 2 3 0 . 0 1 0 0 . 0 0 7 0 . 0 3 0 0 . 0 3 0 0 . 0 0 9 0 . 0 1 0 0 . 0 3 0

80 0 . 0 0 6 0 . 0 0 3 0 . 0 3 2 0 . 0 2 7 0 . 0 1 5 0 . 0 2 5 0 . 0 1 5 0 . 0 1 5 0 . 0 1 2 0 . 0 2 3 0 . 0 21 0 . 0 1 2 0 . 0 1 7 0 . 0 2 2

90 0 . 0 0 8 0 . 0 0 0 0 . 0 3 8 0 . 031 0 . 0 0 8 0 . 0 2 9 0 . 0 0 8 0 . 0 1 7 0 . 0 1 4 0 . 0 0 7 0 . 0 0 7 0 . 0 1 4 0 . 0 2 2 0 . 0 0 0

100 0 . 0 3 5 0 . 0 2 9 0 . 0 21 0 . 0 2 8 0 .0 21

110 0 . 0 2 4 0 . 0 2 3 0 . 0 2 5 0 .0 21 0 . 0 2 6

120 0 . 0 1 4 0 . 0 1 6 0 . 0 1 8 0 . 0 1 2 0 . 0 2 0

130 0 . 0 1 3 0 . 0 1 8 0 . 0 1 3 0 . 0 1 0 0 . 0 2 0

140 0 . 0 1 3 0 . 0 2 4 0. 011 0 . 0 0 7 0 . 0 2 7

150 0 . 0 2 0 0 . 0 2 1 0. 011 0 . 0 1 6 0 . 0 2 5

160 0 .0 2 1 0 . 0 1 2 0 . 0 1 5 0 . 0 1 7 0 . 0 1 4

170 0 . 0 2 8 0 . 0 0 5 0 . 0 1 0 0 . 0 2 3 0 . 0 0 5

T a b l e  I V ( b ) . As I V ( a )  a t  320 MeV.

A n g  1 e 
( c . m.  d e g )

6c / a dP 6D 6R 6A 6 R ' 6 A ' 6CKP 6CNN SCKK 6Cpp O
)

> X X 6 AZZ 6 AZX

10 0 . 0 2 4 0 . 0 0 9 0 . 0 6 1 0 . 0 3 8 0 . 0 1 7 0 . 0 1 4 0 . 0 7 9 0 . 0 2 2 0 . 0 3 7 0 . 0 2 4 0 . 0 7 0 0 . 0 2 4 0 . 0 7 3 0 . 0 1 8

20 0 . 0 1  1 0 . 0 1  1 0 . 0 5 0 0 . 0 2 6 0 . 0 2 9 0 . 0 2 6 0 . 0 3 3 0 . 0 2 7 0 . 0 5 3 0 . 0 2 8 0 .0 41 0 . 0 2 2 0 . 0 4 4 0 . 0 2 7

30 0 . 0 0 9 0 . 0 1 0 0 . 0 3 5 0 . 0 3 7 0 . 0 4 3 0 . 0 3 2 0 . 0 6 2 0 . 0 1 8 0 . 0 3 3 0 . 0 3 5 0 . 0 2 8 0 . 0 3 4 0 . 0 2 6 0 . 0 2 0

40 0 . 0 0 8 0 . 0 0 9 0 . 0 4 1 0 . 0 3 4 0 . 0 5 0 0 . 0 3 5 0 . 0 6 7 0 . 0 3 4 0 . 031 0 . 0 3 3 0 . 0 1 7 0 .0 4 1 0 . 0 1 7 0 . 0 2 8

50 0 . 0 0 8 0 . 0 0 7 0 . 0 4 2 0 . 0 31 0 . 0 41 0 . 0 2 9 0 .0 51 0 . 0 4 4 0 . 0 2 6 0 . 0 1 9 0 . 0 1 8 0 . 0 3 7 0 . 0 4 0 0 . 0 2 8

60 0 . 0 0 9 0 . 0 0 6 0 . 0 3 5 0 . 0 2 3 0 . 0 4 2 0 . 0 2 9 0 . 0 4 6 0 . 0 3 4 0 . 0 2 3 0 . 0 1 6 0 . 0 2 7 0 . 0 2 5 0 . 0 4 2 0 . 0 2 2

70 0 . 0 0 7 0 . 0 0 7 0 . 0 3 5 0 . 0 1 7 0 . 0 4 6 0 . 0 2 8 0 . 0 4 8 0 . 0 3 0 0 . 0 1 9 0 . 0 2 0 0 . 0 2 8 0 .0 2 1 0 . 0 3 7 0 . 0 2 5

80 0 . 0 0 7 0 . 0 0 5 0 . 0 5 5 0 . 0 1 6 0 . 0 2 8 0 . 0 2 0 0 . 0 3 3 0 . 0 4 2 0 . 0 2 2 0 . 0 2 0 0 .0 2 1 0 . 0 3 5 0 . 0 4 8 0 . 0 2 0

90 0 . 0 0 8 0 . 0 0 0 0 . 0 7 8 0 . 0 1 7 0 . 0 2 9 0 . 0 1 6 0 . 031 0 . 0 4 8 0 . 0 2 7 0 . 0 1 4 0 . 0 1 4 0 . 0 4 4 0 . 0 5 6 0 . 0 0 0

100 0 . 0 8 3 0 . 0 2 3 0 . 0 5 7 0 . 0 1 6 0 . 0 5 7

n o 0 . 0 6 6 0 . 0 3 5 0 . 0 6 4 0 . 0 1 9 0 . 0 6 6

120 0 . 0 5 0 0 . 0 4 4 0 . 0 6 0 0 . 0 2 9 0 .0 61

130 0 . 0 5 3 0 . 0 5 7 0 . 0 6 2 0 . 0 4 2 0 . 0 6 7

140 0 . 0 4 8 0 .0 61 0 . 0 6 6 0 . 0 4 5 0 . 0 7 2

150 0 . 0 4 2 0 . 0 4 6 0 . 0 6 0 0 . 0 3 2 0 . 0 5 6

160 0 . 0 5 5 0 . 0 2 2 0 . 0 5 5 0 . 0 2 3 0 . 0 2 8

170 0 . 0 6 4 0 . 0 1 2 0 . 0 4 3 0 . 0 4 4 0 . 0 0 9



Table IV(c). As IV(a) at 425 MeV.

A n g l e  
( c . m.  deq

6o/a <5P 6D <5R 6A 6 R ' 6 A ' 6CKP 6 c NN 6CKK 6Cpp 6AXX 6AZZ 6AZX

10 0 . 0 2 4 0. 011 0 . 0 7 2 0. 031 0 . 0 3 0 0 . 021 0 . 1 1 7 0 . 0 2 9 0 . 0 5 7 0 . 0 2 9 0 . 1 0 6 0 . 0 3 0 0. 1 10 0. 021

20 0 . 0 1 4 0 . 0 1 4 0 . 0 8 7 0 . 0 2 2 0 . 0 5 0 0 . 0 4 2 0. 061 0 . 0 3 7 0. 071 0 . 0 2 3 0 . 0 5 7 0 . 0 2 5 0 . 0 6 2 0 . 0 3 3

30 0 . 0 1 7 0 . 0 1 2 0 . 0 6 6 0 . 0 2 8 0 . 0 5 7 0 . 0 4 9 0 . 0 5 6 0 . 0 2 8 0 . 0 4 0 0 . 0 3 8 0 . 0 4 6 0 . 0 3 6 0 . 0 3 9 0 . 0 3 4

40 0 . 0 1 5 0 . 0 1 0 0 . 0 5 9 0 . 0 2 6 0 . 0 5 7 0 . 0 4 3 0 . 0 6 0 0 . 0 3 0 0 . 0 1 7 0 . 0 3 7 0 . 0 3 7 0 . 0 2 7 0 . 0 1 7 0 . 0 4 2

50 0 . 0 1 3 0 . 0 0 8 0 . 0 4 8 0. 021 0 . 0 3 8 0 . 0 2 7 0 . 0 4 8 0 . 0 3 4 0 . 0 1 6 0. 021 0 . 0 2 2 0 . 0 2 3 0 . 0 2 3 0 . 0 3 3

60 0 . 0 1 4 0 . 0 0 6 0. 021 0 . 0 1 2 0 . 0 1 4 0. 011 0 . 0 1 9 0. 021 0 . 0 1 5 0 . 0 1 4 0 . 0 1 3 0 . 0 1 7 0 . 0 2 3 0 . 0 1 5

70 0 . 0 1 3 0 . 0 0 5 0 . 0 1 8 0 . 0 1 3 0. 011 0 . 0 1 3 0 . 0 1 7 0 . 0 2 2 0. 011 0 . 0 1 3 0 . 0 1 2 0 . 0 1 7 0 . 0 2 5 0 . 0 1 4

80 0 . 0 1 5 0 . 0 0 4 0 . 0 3 2 0 . 0 1 9 0 . 0 1 6 0 . 0 1 8 0 . 0 2 7 0 . 0 5 0 0 . 0 1 8 0. 011 0 . 0 1 2 0 . 0 4 7 0 . 0 5 3 0. 011

90 0 . 0 1 9 0 . 0 0 0 0 . 0 3 6 0 . 0 1 9 0 . 0 2 5 0 . 0 1 8 0 . 0 2 8 0 . 0 6 2 0 . 0 2 3 0. 011 0. 011 0 . 0 6 2 0 . 0 6 6 0 . 0 0 0

100 0 . 0 3 3 0 . 0 1 7 0. 031 0 . 0 1 4 0 . 0 2 7

110 0 . 0 2 2 0 . 0 1 3 0 . 0 2 3 0 . 0 1 2 0 . 0 2 0

120 0 . 0 2 6 0 . 0 1 6 0 . 0 1 9 0 . 0 1 5 0 . 0 1 8

' 3 0 0 . 0 4 9 0 . 0 2 7 0. 041 0 . 0 2 2 0 . 0 4 0

140 0 . 0 5 7 0 . 0 3 3 0 . 0 5 7 0 . 0 3 3 0 . 0 5 3

150 0 . 0 5 5 0 . 0 2 8 0 . 0 5 6 0 . 0 3 5 0 . 0 4 2

160 0 . 0 4 7 0 . 0 1 7 0 . 0 5 2 0. 021 0 . 0 2 0

170 0 . 0 4 8 0 . 0 1 0 0 . 0 5 2 0 . 0 3 5 0 . 0 0 9

. . . . . .  .

T a b l e  I V ( d ) .  P r e d i c t e d  e r r o r s  on common o b s e r v a b l e s  a t  520 MeV f r om t he  phase s h i f t  a n a l y s i s  o f  
e x i s t i n g  d a t a .  ( g 2 f i x e d  a t  1 4 . 4 ;  phases  v a r i e d  up t o  3Hg)  T h e s e  e r r o r s  a l mo s t  
c e r t a i n l y  a r e  an u n d e r e s t i m a t e ,  s i n c e  x 2 = ' 2 8  f o r  72 deg o f  f r e e d o m i n t h e  phase 
s h i f t  f i t .

Ang 1 e 
(c.m.  deg)

Sa / a 6P 6D 6R 6A 6 R ' 6 A ' <$CKp 6Cnn 6CKK 6Cpp 6AXX 6AZZ 6AZX

10 0. 101 0 . 0 1 9 0 . 0 6 8 0. 121 0 . 0 7 7 0 . 0 7 3 0 . 1 6 5 0 . 1 4 3 0 . 1 9 3 0 . 2 6 7 0 . 2 0 9 0 . 2 9 0 0 . 2 0 0 0 . 1 2 3
20 0 . 0 5 2 0. 031 0 . 0 6 9 0 . 0 6 6 0 . 0 9 7 0 . 1 0 5 0 . 0 4 6 0 . 1 7 9 0. 06 6 0 . 0 7 8 0 . 2 2 6 0 . 1 1 7 0 . 1 8 2 0 . 1 8 9

30 0 . 0 3 6 0 . 0 2 7 0 . 0 9 8 0 . 0 6 0 0 . 0 8 4 0. 091 0 . 0 3 7 0. 131 0. 09 4 0 . 0 8 3 0. 141 0 . 0 7 0 0 . 1 2 5 0 . 1 4 2

40 0 . 0 1 5 0 . 0 1 3 0 . 1 0 3 0 . 0 9 4 0 . 1 0 3 0 . 0 9 5 0 . 0 4 6 0 . 1 0 7 0. 09 8 0 . 1 0 0 0 . 0 8 9 0 . 0 8 5 0 . 1 2 5 0 . 0 9 8

50 0 . 0 1 2 0 . 0 0 9 0 . 1 1 6 0 . 0 9 6 0 . 0 9 9 0. 101 0 . 0 5 7 0 . 1 1 8 0 . 1 2 7 0 . 1 0 4 0. 091 0 . 0 8 2 0 . 1 6 3 0 . 0 9 0

60 0. 011 0 . 0 0 6 0 . 1 1 7 0 . 0 8 8 0 . 0 7 3 0 . 0 8 3 0 . 0 5 0 0. 121 0.  124 0 . 0 7 2 0 . 0 9 5 0 . 0 8 3 0 . 1 8 4 0 . 0 5 5

70 0. 011 0 . 0 0 4 0 . 1 0 6 0 . 0 8 7 0 . 0 7 8 0 . 0 7 8 0 . 0 7 0 0.  140 0. 111 0 . 0 4 6 0. 091 0 . 1 1 7 0 . 1 9 2 0 . 0 2 7

80 0. 011 0 . 0 0 3 0 . 0 9 2 0 . 1 0 0 0 . 0 8 6 0 . 0 7 9 0 . 0 9 6 0 . 196 0 . 1 3 0 0 . 0 3 9 0 . 1 0 0 0 . 1 6 2 0 . 2 5 8 0 . 0 1 7

90 0 . 0 1 9 0 . 0 0 0 0 . 0 6 9 0 . 0 9 6 0 . 0 9 7 0 . 0 8 5 0 . 1 0 9 0 . 2 3 1 0 . 1 4 9 0 . 0 7 4 0 . 0 7 4 0 . 1 8 5 0. 301 0 . 0 0 0

100 0 . 0 5 8 0. 071 0 . 1 0 4 0 . 0 8 2 0 . 0 9 9

110 0 . 0 5 5 0 . 0 4 9 0. 101 0. 061 0 . 0 8 3

120 0 . 0 4 8 0 . 0 7 3 0 . 1 0 4 0 . 0 4 3 0 . 1 0 0

130 0 . 0 5 2 0 . 1 0 9 0 . 0 9 4 0 . 0 3 5 0 . 1 2 2

140 0 . 0 8 4 0 . 1 1 7 0 . 0 9 3 0 . 0 5 0 0 . 1 2 0

150 0 . 1 0 9 0 . 1 6 3 0 . 1 2 3 0 . 0 5 3 0. 141

160 0 . 0 9 5 0 . 2 1 9 0 . 1 9 2 0. 111 0 . 1 7 2

170 0 . 0 8 9 0 . 1 5 2 0 . 1 7 4 0 . 1 9 7 0 . 1 2 8



Table IV(e). Predicted errors on common observables at 1(25 MeV, after the addition of
P D R (13,33,53 deg) and R'(33 deg) to existing data. Otherwise, as Table IV(c).

A n g l e  
(c.m. deg)

6a/a 6P SD 6R 6A 6 R ' 6 A ' S CKP 6CNN 6C k k SC pp 6AXX SAZZ SAZX

10 0 . 0 2 0 0 . 0 0 8 0 . 0 2 0 0 . 0 1 4 0 . 0 1 1( 0 . 0 1 3 0.01(3 0. 011 0. 0l ( 2 0 . 0 2 3 0 . 0 5 5 0 . 0 2 3 0 . 0 5 6 0 . 0 0 8

20 0 . 0 1 3 0 . 0 0 9 0. 021 0 . 0 1 5 0 . 0 1 8 0 . 0 1 7 0 . 0 2 2 0. 01i ( 0 . 0 3 3 0 . 0 1 8 0.01(1 0 . 0 1 6 0. 0l ( 2 0 . 0 1 1(

30 0 . 0 1 5 0 . 0 0 8 0 . 0 1 9 0 . 0 1 5 0 . 0 2 b 0 . 0 1 9 0 . 0 3 5 0 . 0 1 2 0 . 0 1 8 0 . 0 2 0 0. 031 0 . 0 1 9 0 . 0 2 6 0 . 0 1 7

1(0 0 . 0 1 1( 0. 0 0 8 0. 021 0 . 0 1 1( 0. 031 0. 021 0 . 0 3 9 0 . 0 1 5 0 . 0 1 3 0 . 0 1 9 0 . 0 2 2 0 . 0 1 6 0 . 0 1 3 0. 021

50 0 . 0 1 3 0 . 0 0 6 0 . 0 1 9 0 . 0 1 3 0 . 0 2 5 0 . 0 1 7 0 . 0 2 8 0 . 0 1 5 0. 011 0 . 0 1 2 0 . 0 1 5 0 . 0 1 3 0 . 0 1 b 0 . 0 1 5

60 0 . 0 1 3 0 . 0 0 5 0 . 0 1 2 0 . 0 0 9 0. 011 0 . 0 0 9 0 . 0 1 2 0 . 0 1 0 0 . 0 1 0 0 . 008 0. 011 0 . 00 8 0 . 0 1 b 0 . 0 0 7

70 0. 011 0 . 0 0 5 0 . 0 1 5 0 . 0 1 0 0 . 0 1 0 0 . 0 1 0 0 . 0 1 2 0 . 0 1 7 0 . 0 1 0 0 . 0 0 9 0 . 0 1 0 0 . 0 1 3 0. 021 0 . 0 0 9

80 0 . 0 1 5 0. 00i ( 0 . 0 2 0 0. 01 b 0. 011 0 . 0 1 3 0 . 0 1 5 0 . 0 3 2 0 . 0 1 7 0 . 0 1 0 0 . 0 1 0 0 . 0 3 0 0 . 0 3 7 0 . 0 0 7

90 0 . 0 1 9 0 . 0 0 0 0 . 0 2 3 0 . 0 1 1( 0 . 0 1 6 0 . 0 1 3 0 . 0 1 7 0 . 0 3 9 0. 021 0. 011 0. 011 0 . 0 3 7 0. 0l ( l ( 0 . 0 0 0

100 0 . 0 2 5 0 . 0 1 2 0 . 0 2 2 0. 011 0 . 0 2 0

110 0 . 0 2 0 0. 011 0 . 0 1 8 0 . 0 0 9 0 . 0 1 6

120 0 . 0 1 7 0 . 0 1 2 0 . 0 1 6 0 . 0 1 0 0 . 0 1 5

130 0. 02l ( 0 . 0 1 9 0 . 0 3 0 0 . 0 1 3 0 . 0 2 9

H O 0 . 0 2 3 0 . 0 2 5 0 . 0 3 6 0 . 0 1 5 0 . 0 3 6

150 0 . 0 2 3 0 . 0 2 3 0 . 0 3 0 0 . 0 1 7 0 . 0 2 8

160 0 . 0 2 9 0 . 0 1 A 0 . 0 3 b 0 . 0 1 5 0 . 0 1 5

170 0. 01( 0 0 . 0 0 8 0 . 0 b 1 0 . 0 2 3 0 . 0 0 7
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