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ABSTRACT 

Using the available scattering and polarization pion-nucleon charge-exchange 

data, we have performed a Barrelet moment analysis between 1.4 and 2.3 GeV. 

The method allows us to identify and discard data with important systematic 

er~or. Above 1~5 GeV, 10 zeros are unambiguously required in order to r~present 

the ·retained data. An attempt is made to resolve the discrete ambiguity and to 

obtain the location of amplitude zeros close to the physical region~ 

* Prepared for the U. S. Energy Research and Development Administration 
under Contract W-7405-ENG-48 
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I. Introduction 

Data on the charge-exchange reaction [l •2] 

-. 0 
rr p+n n (1} 

constitute an important supplement to elastic n±p data, since isospin invariance 

relates the charge-exchange amplitude to the difference of the two elastic ampli­

tudes. The recent availability of accurate charge-exchange data makes it 

possible to check amplitude analyses that have been based on elasti~ data alone~[3] 
These checks have revealed alarming ~iscrepancies[4]. Either the recent charge­

exchange measurements are grossly in error, or currently accepted elastic ampli­

tudes based on partial-wave analysis possess serious deficiencies. As part of a 

Barrelet-zero approach to rrN amplitude analysis[,S, 6] which we hope will lead to 

more reliable conclusions than have been reached by the partial-wave route; we 

lay the groundwork in this paper for a direct determination of the charge-exchange 

amplitude. 

For reasons explained elsewhere, amplitude analysis through Barrelet moments 

and Barrelet zeros[?] is less subjective than conventional partial-wave analysis 

in conju~tion withleast-square polynomial fitting. The Barrelet method 

furthermore, by oojectively generating moments from individual experiments, 

is capable of revealing systematic error.[B] In this paper, we report the 

results of Barrelet-moment analysis for available charge-exchange data in the 

* interval .6 < P1 b < 2.5 GeV/c (1.4 < E m < 2.3 GeV) . After eliminating a c .. 

certain data which have large statistical errors or which our results suggest_ 

possess systematic error larger than the stated statistical error, we determine 

the trajectories of the Barrelet-zeros that come sufficiently close to the 

* For reasons to be explained we analyze only experiments with data from at least 
20 different angles at a given energy. 

·"' 
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physical region to be detected. The discrete ambiguity is handled by the 

method that has been used earlier for elastic data[5•6J . 

We do not discuss in this paper the determination of the charge-exchange 

amplitude in terms of zeros, or the. comparison with the difference of n-p and 

n+p elastic amplitudes. These·steps will be reported in a later paper. 

II. Method of Analysis 

Barrelet developed his method[?] for use with individual experiments that 

each cover a finite portion of the physical angular interval a < cos8< b. In 

this interval, the differential cross section is represented by a superposition 

of orthonormal pseudopolynomials p~(cose): 

~-N 
da - 1 
dn ~ l: A~p~ ( cose ) 

R.=O 

(1) 

The pseudopolynomials are defined with respect to a weighting norm n (case ) p 

such that 

br 
' d(cose) 

a) 

the moments AR. being calculated from the formula 

b 

At= .I ~g (cose ) pt(cose ) np (cos8 ) d(cos8 ) 

(2) 

(3) 

With data sufficiently dense in case ,the latter quadrature,when carri~d out with 

care,allows translation of the statistical error on individual data points into 

statistical errors for the moments AR.. Barrelet chooses the truncation point N1 

of the polynomial expansion on the basis that AR. is theoretically expected to 

*' tend smoothly toward zero for ~sufficiently large . As soon as the error in the 

moments begins to overlap zero, Barrelet terminates the expansion in Eq. (1} 

*If R is the radius of the ellipse (in the z=cose plane} pa~sing th~ough_the 
first singularity, then the coefficients A~ have an asymptot1c behav1or l1ke 
(1/R}~ as R..+ oo • 
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to go futher is statistically meaningless. The parameter N1 is determined by 

the data, not guessed. For spin 0-spin l/2 elastic scattering where the 

polarization P can be measured, one may make a similar analysis of P ~~· 
leading to a second set of moments Bt with t < N2. 

The weighting norm is to be chosen so as to give comparable weight to all 

data points in the calculation of the momentJC8Jin the case of the CEX data, 

we take np equal to 1. A majo,r advantage of the Barrelet method of data 

analysis is that Barrelet's truncation points N1 and N2 are objectively fixed 

by the statistical errors. The polynomial fit arrived at thorugh Formulas 

(1) and (3) contains all the information in the data-. It takes into account 

information due to either low statistics (which reflect into the errors on the 

moments). or systematic errors 1 arger than the stati sti ca 1 errors (which affect 

the asymptotic behaviour of the moments), as explained in the following section*. 

III. Selection of data 

We have considered the results of all charge-exchange differential cross­

section experiments where measurements were made for at least 20 different 

angles (at each energy). Columns 2,4 and 5 of Table I list the characteristics 

of each of 41 different experiments. A sequence of Barrelet moments was deter­

mined for each e~periment[9 · 10] according to the prescription of Section II 

above, the sequence being terminated when two successive moments both have 

statistical errors that overlap zero. For data where systematic error is 

smaller than the statistical error, the upper limit N1 so defined (listed in 

column 6) coincides with the maximum-order moment that is significant. At a 

given energy, the relative statistical accuracy of different experiments is 

measured by N1, so we may use low relative values of this parameter as an 

objective basis for eliminating data. This criterion leads us to discard 

* The last point constitutes an important advantage over a least squat.~ fit 
method which has no way of distinguishing between correctly measured points 
and those affected by systematic errors. 

., 
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immediately the results from C67, 864 and C69. *[l] 

Although Barrelet moment analysis was not designed to deal with systematic 

error, we may use it to identify experiments that contain significant systemaatic 

abberations--as we now explain. For data where the error is predominantly 

statistical one expects the goodness of fit achieved by the Barrelet polynomial 

representation of Formul_a (1} to increase with the order of the polynomial up 

to the limit N1. The ~xpansion coefficients (moments) are theoretically 

supposed to decrease exponentially (see footnote on pr~vious page), so 

we expect to see the chi-squared per data point fall smoothly to the neighbor­
hood of 1 as the polynomial order approaches N1; thereafter the goodness of 

fit should not change significantly. Polynomials of order higher than N1 
are not physically meaningful--corresponding merely to statistical fluctuations 

in the data-- but their inclusion should not suddenly spoil the goodness of 

avera 11 fit. 

Suppose, on the other hand, that there is a small proportion of data 

points with large systematic error. These points are (more or less) ignored by 

moments of low order but seriously influence the value of appropriate1y high­

order moments. Inclusion of such high-order moments may upset the overall 

goodness of fit. Systematic error is thus signaled by a chi-squared per data o 

point that rises (or fluctuates) significantly in the neighborhood of N1 after 

a minimum has been achieved. An even more obvious signal is the absence of 

any smooth tendency for the chi-squared per point to approach the nei9hborhood of 1. 

Figure 1 shows the chi-squared per data point as a function of polynomial 

order at each B76 and N72 energy. We are led by such considerations to be­

lieve that serious systematic errors exist in the N72 data at all of the 

* The 2 highest energies could be considered from a statistical point of view 
but would have to be disregarded because of our finding systematic errors 
larger than the statistical errors. (See below) 
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six different energies where measurements were made (Fig. la). As explained 

later, the maximum statistically significant order is ~ 10. We do not include 

any of the N72 data in the remainder of our analysis. Similar considerations 

lead us to discard in principle B76 data at four neighboring energies, PLab 

= 0.776, 0.825, 0.974 and 1.027 GeV/c (Figs. lb, and lc for detail) and the 

last 2 energies of C69. The degree of disagreement between the N72 and B76 

data is indicated in Fig. 2 where we compare at the same energy the polynomial 

representation of B76 (see Table II) with the data of N72 and its polynomial 

representations of order 6 (a) and 10 (b,c,d). 

Some check on our selection of data can be achieved by comparing two 
pieces of 

independentAinformation on forward and backward differential cross sections. 

Table II lists the chi-squared values plotted in Figs.lb and lc and for each polynomial 

order gives our extrapolation of the differential cross section to 0° and 180° 

of B76. These extrapolations for N1=10 are plotted in Figs. 3a and 3b, the 

indicated error being the largest deviation between the N1=lO extrapolation 

and the extrapolation for any other order whose chi-squared value differs from 

that for N1 = 10 by less than one unit. We show in Fig. 3a the forward 
-

differential cross section as determined from rr-p total cross sections and 

dispersion relations[.ll] A uniform shift of about 10% in our extrapolated 

values would bring agreement. If the problem is only a matter of overall 

normalization of the scattering data, there will be no effect on the positions 

of Barrelet zeros. Direct high-precision measurements of do/dn at 180° have 

been made[l 2]and are compared with our extrapolations in Fig. 3b. A signifi­

cant discrepancy with 075 appears at Plab~0.700 GeV/c, but we understand[l 3] 

that the authors of 075 now believe their measurement may have contained. 

substantial systematic error. Above 1.5 GeV/c we find ourselves in 

agreement with A68 and K72. No direct data exist for 1.0 GeV/c < Plab< 1.5 GeV/c 

-. 
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with which to compare our extrapolations . 

. Table III lists the available polarization data-- two ~xperiments, B76 

and S74, being included. Superficial comparison of the data immediately 

reveals an energy, corresponding to Plab = 1.03 GeV/c, where the two expeti­

. ment~ qualitatively disagree in the backward direction, B76 giving a positive 

polarization and S74 a negative. Because backward direction_ polarization is 

here varying rapidly with energy (See Figs. 6- 25 of the B76 data), an 

error in the beam momentum of one of the experiments by 20 or 30 MeV could 

account for the discrepancy. 

Momentarily ignoring this difficulty, it is straightforward to make a 
. do do d Barrelet moment analys1s of P -at those energies where both P and -- ata d~ d~ 

have been taken and to examine goodness of fit as a function of polynomial 
do order, exactly as we did above for (Ifi· However, for Barrelet-zero deter-

mination of the amplitude F (s,w) it is necessary to consider the experi­

mental quantity E(w), where w=eie 

and 

+ do ( E ( w) = E = (fiT l +P), 0 < e < n (4) 

( ) - da E w = E = d~ (1-P), Tr < e <2n (5) 

so we shall treat polarization data via Barrelet's'moment analysis of I:(w) 

with respect to pseudopolynomials in the variable w[ 7J. (Polynomials in 

cose are pseudopolynomials in w.) The maximum significant order N is set 

by the smaller of the two separate truncation points N1, N2. This maximum 

order will limit the number of zeros that can be determined from the data 

(and eventually the number of different partial waves). Because polarization 
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measurements are less accurate than differential cross sections, it is 

generally N
2 

that sets the limit, i.e., N=N 2. The angular interval, further­

more, is the smaller of the intervals covered in the separate measurements 

do 
of P and dQ' 

Our approach then is to combine data on P and ~~ so as to generate 

moments of E(w) and corresponding pseudopolynomial representations of E'+(w) 

and 2:-(w) (= 2:+ (w)). Representations of~~ and P may be obtained from 

do _ 1/2 (2:+ + 2:-) (6) dQ -

p = 
2:+ - 2:- (7) 
2:+ + 2: -

Because of the linearity of the relations (4), (5) and (6), the polynomial 

representation of ~~ is affected by the polarization data only to the extent 

that the angular interval may be contracted and the value of N reduced. 

In the absence of systematic errors, the behavior of the goodness of 

fit (chi-squared per point) for both ~~ and P should be as described above 

for ~~ Figure 4 shows the chi-squared per point as a function of polynomial 

order N for the B76 scattering and polarization data within a common angular 

interval. Notice--in Fig. 4(a)--that the~~ behavior is similar to that of 

Fig. l(b)--the same four neighboring energies exhibiting evidence of a 

systematic error larger than the statistical error. The polarization 

chi-squared per point in Fig. 4(b), reveals no such evidence. 

The degree of disagreement between B76 and S74 polarization measurements 

is indicated in Fig. 5 where we compare our different polynomial approximations 

to 574 with the closest-energy (within 10 MeV) order - 10 polynomial approxi­

mation to B76. Due to the fact that (1) we fi11d no evidence for systematic 
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error in the 876 polarization measurements, (2) the polarization statistical 

errors are larger for 574 than 876, (3) the angular interval covered is 

smaller in 574 than in 876, we henceforth disregard the 574 polarization 

data. The choice N=lO will now be discussed. 

IV. Determination of the number of stable zeros: 

It turns out, both from examination of Tables I and III and from the 

original Barrelet criterion, that N varies between 7 and 13 at the different 

energies under consideration. At the highest energies the variation is 

between 8 and 12. Changing N by 1 or 2 units at a given energy does not 

* strongly alter the goodness of the polynomial fit (see Fig. 4). but there may be an 

important alteration in the location of some of the zeros of E(w). A stable 

zero is one whose position does not drastically change when the 6rder of the 

polynomial is changed. It was shown by 8arrelet that stable zeros are near 

the physical region (the unit circle in the complex w plane), so instability 

means a large uncertainty in the zero's position. 
rs:. 7] -

Analysis of the nN elastic scattering has confirmed the theoretically-

expected smooth behavior of the position of zeros as a function of energy~ 

especially in intervals free from strong and sharp resonances. Zeros do not ~ 

suddenly appear or disapp~ar**. It has furthermore been shown that zeros 

occur in approximately complex-conjugate pairs, so one expects the total 

number of nearby zeros to be even. We have consequently examined the 

position of zeros for N=6, 8, 10 and 12 at each energy and looked for 

smoothness of position variation. The following results have emerged: 

a) At the two lowest energies, Plab = 0.618 and 0.675 GeV/c, the 6th-order 

polynomial has relatively stable roots corresponding roughly to the 6 

nearby zeros labeled (A,H), (C,8), (E,F) in Table IV and gives an 

* At ]east for the energies of 876 which do not manifest large systematic errcrs. 
**However they may "jump" (i.e. move very 1rapidly away from the physical region) 

in an energy region dominated by a sharp resonance (see paragraph VII belrn'). 



- 10 -

acceptable value of chi-squared per ~oint (1.85 and 3.25 respectively 

versus 0.87 and 2.64 for the lOth order polynomial at the same energies). 

b ) At the next energy (plab = 0.724 GeV/c),however;and most energies within 

our range, two additional pairs of stable'zeros (within the disc of 

polynomial convergence) need to be accommodated. They are labeled (D,I) 

and G,J). 

Therefore, the minimum N that can handle the entire energy interval is N=lO. 

Using N:l2 does not anywhere significantly improve the goodness of the poly­

nomial representation. The two extra zeros that appear when N is changed 

from 10 to 12 seem to represent a statistically meaningless 11 doubling 11 of 

two zeros already present. The pattern of doubling shows no consistency as 

the energy varies. Consequently, since both conditions--stability-of the 

zeros at most energies within our energy range and a consistent pattern in 

the position of the zeros--are realized for N=lO (see Fig.26, the labels of 

Table IV being displayed at plab = 1.438 GeV/c)we have chosen to work uni­

formly with this value of N. Ten zeros are correspondingly deduced at each 

energy. At some energies, less than ten zeros are 11 Stable 11 in the sense of 

Barre-let, this fact being exhibited by the failure of one or more zero 

* positions to be securely (within errors )located inside the disc of convergence. 

(Even more accurate data are needed for a better determination of their 

position, as can be observed from the data of Figs.5 through~25, at the 

value of case Re zi given in Table IV.) --------------------·--···----~- ... ~--------:> 

* Should the zeros drawn inside the unit circle be positioned outside, the 
error bars wou 1 d be en 1 arged by a factor 1 v.1 1-2 (.See Hef. 'JO) , 
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-~ .. ~. The fact that already at plab = 0,724 GeV/c all ten zeros are un­

ambiguously stable is remarkable considering that in the available data cs.(' for 

n+p elastic scattering , ten zeros were not required until plab 

= 1.450 GeV.c. Figures 6 through 25 show the N=lO polynomial representations 

of the B76 data, the corresponding chi-squared per data point being given by 

the dotted line on Fig. 4a. 

V. Zero trajectories 

At each energy we have determined 11 moments of L(w) and converted this 

information into the positions of ten zeros in the complex w plane. There 

is the usual discrete ambiguity between the location wi and wi-l, to which 

we devote attention in the following sections. In Fig.:26 we have presented 

our results at each energy, with the convention that all zeros lie outside 

the unit circle except for the 2 furthest ones from the physical regions 

(which would have to be drawn too far out of the plot). The inside boundary 

of the disc of convergence of the polynomial expansion is indicated, allowing 

identification of the nearby stable zeros. 

By comparing the positions of zeros at neighboring energies, where the 

relative displacements are moderate, it is possible to construct trajectories 

wi in the complex w pl~ 

.{fhe continuity of individual trajectories is nicely displayed by plotting 

Re ti vs. IS. The complete set of 10 trajectories is thus shown in Fig. 27 

and then two at a time (Figs. 28 through 32) with errors. The five trajec­

tories labeled A,C,E,G,I represent zeros of 4 (corresponding to polarization 
' + . 

maxima) while those labeled B.D. F, H, J represent zerosof L (polarization 
* The radius of the outside boundary is the inverse of the radius of the 

inside boundary. 
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minima). Note that for such a plot the discrete ambiguity is irrelevant. 

On the same Fig.s 28 through 32 are displayed also the ten trajectories in 

the complex w-plane, with the errors for lwil > 1. The two trajectories 

(D and I) that wander farthest from the physical region are poorly deter-

mined, but at certain energies even these zeros come close enough to produce 

extreme polarization at cosQ=Re zi. T~ble IV lists the positions of these 

lO zeros (with the convention that they all lie outside the unit circle in 

the w-plane) in different variables , with the radius of the 

outside boundary of the convergence disc. 

VI~ Determination of the critical point£ 

In an effortto resolve the discrete ambiguity,we need first to identify 

the critical points where tt·cajectories cross the physical region, moving in 

the w complex plane from inside the unit circle to outside, or vice versa. 

Because P = ~ l at a critical point, polarization measurements of high accuracy, 

closely spaced in energy, can settle this question. In practice, experi­

mental inadequacies leave considerable uncertainty. Fig. 33 plots···;· 
•..• <' 

'·· ... I wi I for each zero (assumed outside the unit circle) 

in thew plane. Critical points occur.at energies when the distance goes 

to zero, i.e., when lwil =1. If the statistical error on the measured 

polarization at such an energy is compatible with P = ~ 1, we list the critical 

point in Table V with 4 stars. + If the error bar does not overlap P=-1 (or 

if there are no data at the energy where the polynomial representation of P 

reaches ~1}, we list the critical point with 2 stars. 

Two considerations leave open the door to additional critical points: 

(1) The possibility of systematic error in polarization normalization. That 

is, even though the measured polarizatibn or the polynomial representation 

! 
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thereof fa i1 to reach ! 1 , both might do so if I PI were en 1 qfged by, say 10%. 

To explore this possibility we have allowed 10% variation in the normali­

zation of the 876 polarization data and repeated our analysis. Critical points 

thereby found are assigned 3 stars. When found close to (''coincident., with) 

* a 4 or 2-star candidate we regard the critical point to be confirmed. 

(2) There is also the possibility that a critical point occurs at an energy 

between two adjacent measured energies, with such rapid change of polarization 

that at neither of the measured energies is P compatible with! 1. It is in 

fact typically the case that the rate of change of P is unusually high near 

a critical point. So where we observe a rapid energy variation of P near a 

polarization extremum we list a one-star possible critical point in Table V. 

Such critical points evidently have a lower confidence level, but when found 

** in coincidence with 3-star _critical points we consider them 11 confirmed 11 

YII. Resolution of the !discrete ambiguity 

Given the critical points it remains to establish for each trajectory 

at some particular energy whether it lies inside or outside the unit circle. 

The discrete ambiguity will thereby be removed at alr energies. We here in­

voke the assumption that there exist individual reasonably-sharp resonances 
naturality 

of well-defined angular momentum J an~ ~ so that near such a resonance 

the stable zeros are fairly close in position to the 2J-l zeros of the poly­

nomial RJc(w) which are either all inside(s=+l) or all outside(s=-1) the unit 
J 

circle. As the resonance is approached, the 11 extra 11 zeros should become 

unstable. (According to causality considerations, the 2J-l surviving zeros 

A natural assumption, when the analysis yields two or more critic&l 
at nearby energies for the same trajectory, is that there is but a single 
crossing of the phYsical region. However, near 1 GeV/c for the C trajectory 
there is an indication from the evidence on 2-, 3-, and 4-star critical 
points that two separate crossingsmay occur with a spacing of 'V 50 MeV/c. 

** . The only non-confirmed 1-star critical points (by anY 2-, 3- or 4-star) are 
A (1;872/1.975 and 2.055/2.267 GeV/c), 8(1.438/1.505 and 1.688/1.767 GeV/c) 
and E(2.055/2.267 GeV/c). 
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should move in a clockwise sense about the positjons of the zeros of RJ,c(w). 

In the neighborhood of the strong 7/2 + resonance near 1900 MeV (Plab ~ 

1.5 GeV/c) one does indeed observe(in Fig. 33) that six zeros (3 each in~+ and L-) 

are close to the physical region while four (2 each in L+ and L-) are sub­

stantially further away. Since the zeros of R712 ,+ (w) all lie inside the 

unit circle, it is reasonable to assume at this energy that the six nearest 

Barrelet zeros also lie inside. What about the remaining four? The next 

resonance in the same Regge sequence is 11/2 + at 2420 MeV (Plab~ 2.6 GeV/c). It 

is then plausible that all ten of our trajectories should at that point lie 

inside the unit circle, close to the physical region. Inspection of Fig. 26 or 33 
GeV/c 

shows thatabove Plab=2.2,!. all ten zeros are indeed well inside the strip of 

convergence. A knowledge of critical points between Plab=2.2 and Plab= 2.6 GeV/c 

would resolve the discrete ambiguity for all ten trajectories. Lacking such 

information we still can anchor 6 of the trajectories to the 7/2+ resonance. 

The presence of critical points in all four of the nearby zeros near Plab 
=1.0 GeV/c (A,B,C, and F) and the general instability here of the remaining 

zeros is attributed to the proximity of both 5/2+ and 5/2- resonances. The 4 

* zeros of R512 ,+ lie inside the unit circle while those of R512 ,- lie outside. 

Combining our critical points with the 7/2+ anchor, we are able to resolve 

the discrete ambiguity for the six trajectories (A,H,C,B,E and F) of Table IV, 

the positions of the zeros heretofore given outside being modified according to 

the results given in Table V and Fig. 33 (where the part of the trajectories 

inside the unit circle has been dotted). The uncertainties in this resolution 

of the discrete ambiguity come mainly from the non-confirmed 1-star critical 

points: the results could change drastically forB (below 1.438 and/or above 

* These critical points explain the difficulty in the mea~urementr 5o6Jthe data 
around 1.0 GeV/c, because, as observed in the elastic rr p+data ' , the 
differential cross section has the deepest minima when P=- 1. (See Figs. 12 and 
13). 



.r 

0'

,,, or !l 
~~f v 

1.688 GeV/c) and E(above 2.055) 

6 3 0 

- 15 -

We have tentatively resolved the remaining discrete ambiguity by making 

the following guesses for the interval between 2.3 and 2.4 GeV about the four 

trajectories G, I, D, J that are far from the physical region near the t:,. 7/2+ 

resonance near l .9 GeV: (a) Trajectories G and I, which seem to be heading for 

* the physical region at 2.3 GeV each have one critical point before 2.4 GeV. 

(b) Trajectory D, which is still far away at 2.3 GeV, has no critical point 

before 2.4 GeV (and is therefore assigned the inside location throughout the 

whole energy range that we have studied), (c) Trajectory I, which has a critical 

point near 2.3 GeV, has no further critical point before 2.4 GeV. If subsequent 

experiments indicate otherwise, it will be easy to modify the results. 

The zero~ under discussion are zeros of the amplitude F(w), which is related 

to the measured quantity L(w} by 

L ( w ) = F ( w) • F ( w -l ) 
Consequently, once the positions of nearby zeros in the complex w plane are 

established, one can place heavy constraints on partial wave analysis and, with 

information about the modulus and phase at one angle (such as Q=O) can even make 

an approximate construction of the amplitude[51 We defer the latter attempt to 

a subsequent paper. 

* The same hypothesis has to be made for trajectories B, F and H (unless the 
1-star critical point forB around 1.688 GeV/c can be experimentally cancelled) -­
even though for none of.these trajectories are any signs of these (future) critical 
points apparent yet at 2.267 GeV/c within the available data. 
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VIII. Conclusion 

We have shown how Barrelet-moment analysis can reveal systematic errors in 
-n p charge exchange data. Selecting data which does not show symptoms of 

important systematic error, we have then determined the nearby zeros of the 

polarized cross section E(w). The energy interval covered by this data is 1.45 

GeV < 15; < 2.3 GeV. Within this interval 10 nearby zeros are found, and we 

give arguments to resolve the discrete ambiguity that arises for the position of 

each when it is regarded as a zero in the amplitude. 

Our analysis depends heavily on identification of critical points and calls 

attention to the importance of more accurate experiments at those energies where 

we suggest that critical points occur. Our argument for resolving the discrete 

ambiguity for all 10 zeros underlines the usefulness of extending the measured 

energy range all the way up to the~ 11/2+ resonance. 

Acknowledgements 

We are very grateful to G. F. Chew for numerous enlightening discussions 

and his attention to this paper. We thank R. Ely and G. Gidal for their constant 

encouragement and support. We also wish to acknowledge assistance by R. Kelly, 

of the Particle Data Group, in providing us with the data necessary for this study. 



0 o u a ~ 8 o ~ 6 J 

- 17 -

REFERENCES 

1. Scattering data for the reaction 1r-p-+ 1r0 n: The data listed below have been 

selected on the ground that they present more than 20 data points per energy. 

B64 A. Bigi et al. Nuovo Cimento 34, 878 (1964). 

876 R. M. Brown, et al. Rutherford Lab, Rl~76093 (1976); Nucl. Phys. B117, 

12 (1976). 

C67 C. B. Chiu, et al. Phys. Rev. 156, 1415 (1967). 

C69 A. S. Carroll, et al. Phys. Rev. 177, 2047 (1969) 

N72 J. E. Nelson (Ph.D. Thesis), LBL-1019 (1972). 

N73 J. E. Nelson, et al. Phys. Letters 47B, 281 (1973). 

For a complete survey of all available data, see: K. H. Augemstein, G. Hohler, 

E. Pietarinen, H. M. Staudenmaier, Physics Data (Karlsruhe) 1-2 (March 1977). 

2. Polarization data for the reaction 1r-p-+ 1r0 n: 

3. 

4. 

876 R. M. Brown, et al. Rutherford Lab, Rl-76093 (1976). 

S74 s. R. Shannon (Ph.D. Thesis) LBL-2607 (May 1974); 

s. R. Shannon, et al. Phys. Rev. Lett, 33, 237 (1974). 

:(a) s. Almehed and C. Lovelace, tlucl. Phys. B40 (1972) 157. 

(b) R. Ayed and P. Bareye (Saclay), Conf. on Elementary Particles, Aix-en-Provence 

and private communication to the Particle Data Group, {1973). 

(ca) R. E. Cutkosky, et al. Phys. Rev. Letters 37, 645 (1976). 
( } See Refs. N72 and N73 of Ref.(l) above. --
(b) See Refs. N72, N73, B76 and S74 of Refs. (1) and (2) above. 

(c) R. Kelly (private coJJJilunication). 

5. D. M. Chew and M. Urban LBL-4656 (June 1976); Proceedings of the Topical 

Conference on Baryon Resonances, Oxford 5-9, July 1976, p. 156. 

6. D. M. Chew, E. Barrelet and M. Urban, uDetermination of the elastic 1r+p zero 

trajectories from 1 .. 1 to 2. 2 GeV center of mass energy 11
, LBL-4644 (under 

revision and completion with more recent data); for preliminary results see 

Ref. (5). 



- 18 -

7. E. Barrelet, Thesis (1970), Paris (unpublished); Nuovo Cimento 8A, 331 (1972). 

8. D. M. Chew, 11Data selection through Barrelet moments", LBL-6102 (March 1977). 

9. E. Barrelet and M. G. Fouque, Program Moulin, Ecole Polytechnique (1969), 

completed for the errors by the information from Ref. 10. 

10. M. Urban, These de 3ieme Cycle (1973), Paris (unpublished); see also LBL-4809 

(feb. 1976) and the Journal de Physique 38 (l977L 1029. 

11. G. Holer, H. P. Jakob and F. Kaiser, Tables of pion-Nucleon Forward 

Amplitudes, TKP 7616, University of Karlsruhe, May 1976. 

12. Backward Scattering Data of, the Reaction 1r-p-+ 1r 0 n: 

A68 V. D. Antopolsky et al. Phys. Lett. 288, 223.(1968). 

D75 N. C. Debenham et al. Phys. Rev. 12D, 2545 (1975). 

K72 V. Kistiakowsky, et al. Phys. Rev. D6, 1882 (1972). 

13. R. Kelly, (Particle Data Group, LBL), private communication. 



0 0 J u ~ 8 0 ~ 6 J 2 

- 19 -

TABLE CAPTION 

I. Characteristics of charge -exchange scattering data[l] and maximum statistically 
.significant order N1. 

II. Characteristics of polynomial representation of the 876 scattering data for 

6< _N1< 14. 

III. Characteristics of charge-exchang~ polarization(2} and value of maximum statisti­
cally significant order N. The extrapolated values of the forward and backward 
differential cross section are plotted in Fig.3 for N =10 ; see the text for the 
evallJation of the ~rrors on these quant.ities. Th~c:!is;ersion re1atim' predictions 
are from Ref. [11]. 

IV. Zero locations of n-p charge-exchange data for 0.62 < plab < 2.7 GeV/c , assuming 
all zeros to be outside the unit-circle in the w-plane,in different variables, 
z (= case ) , t and w . In the last column is the value of the outside boundary 

of the disc of convergence of th~ __ polynomial e)(pansion, as~uming the first s_inqularity 
to be the rho meson. 

V. Critical points and resolutjon of the discrete ambiguity. 

/ 
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Fl GURE CAPT! ON 

1. Chi-squared per data point vs. the polynomial order N1 for the scattering data . 
N72 (a) and 876 (b),detailed in (c). 

2. Comparison of the polynomial representation of the 876 scattering data (N1=10 , 
dotted line) with N72 data and polynomial representation thereof (N1=6 (a) and 
N1=10 (b,c,d) plain 1 ine ) at, 3 closely matched energies. (The data of 876 are in 

Figs. 12,19 and 23.) lOth d d -or er 
3. (a) (~)e=O from extrapolation of theApolynomial representation of 876 scattering 

data. The line is the value calculated in Ref.ll. 

(b) (~g)e=lBO for extrapolation of tKB~~of§R~ial representation of 876 scattering 
data, compared with the data of Ref. 12,(-C~)for 075, (-~-) for A69 and (-v-) 
for K72. 

4. Chi-squared per data point versus polynomial order N when 876 scattering and 
polarization data are simultanously analyzed. (a) for~ . (b) for P. 

5;. Comparison of N=lO polynomial representation for P with 574 data at 3 closely-matched 
energies,(a) 1.030 (574) and 1.027 (876),(b) 1.440(574) and 1.437 (876) , (c) 
1.590 (574) and 1.601(876).(The data of B76 are in Figs 12,17 and 19). 

6 +25. B76 data and N=lO polynomial representation thereof. 

26. Location of the zeros of the lOth order polynomial fit in the w-plane for the 
' 20 energies of the B76 data. 

27. Ret versus IS and Plabt for trajectories of r+ (-0-) and of r- (-~-). 

28+ 32. Detail of Fig. 27 with errors and corresponding location of the trajectories 
in the w-plane ,either ouside (with errors on the zero position) or inside the 
unit circle. 

33. I w I versus Plab , assuming all zeros outside,for the trajectories of (a) r­
(corresponding to maxima of the polarization), and (b) r+ (corresponding to 
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mini~a of the polarization). Critical points are indicated according to their 
level of confidence increasing from one star (-D-), two stars (-•), three stars 
(-0-) and four stars {-1-). The part of the trajectory which is found inside 
the unit-circle after tne resolution of the discrete ambiguity, has been dotted. 
The curve above represents the outside boundary of the disc of convergence of 
the polynomial expansion, assuming the first singularity to be the rho. 
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TABLE I TABLE III 

-----
Plab Ref. No. cose N 

Plab Ref. No. cose 
Nl (GeV/c) Pts. interval 

GeV/c) Pts. interval 

(a) -· : '---'--"-- 1 Q. f?l7 
I 

876 17 -.70/.95 7 

1 0.618 BTti 27 -.96/1.0 7 
2 0.624 C67 20 -1.0/1.0 4 
3 0.658 C67 20 -l.0/1.0 4 
4 0.675 876 30 -. 96/l .0 13 
5 o.7l8 C67 20 -1.0/1.0 4 
6 0.724 B76 31 -.96/1.0 11 
7 0.776 iB76 31 -.96/1.0 11 
8 0.782 C67 20 -1.0/1.0 ' 5 
9 0.825 IB76 31 -.96/1.0 12 

10 0.832 C67 20 -1. 0/l. 0 5 , 0.974 876 34 -.96/1.0 13 
12 1.004 C67 20 -1. 0/l .0 5 
13 1.027 876 31 -.96/1.0 12 
14 1.030 N72 87{88) -.85/l.oa 13 
15 1.060 864 20 -1.0/1.0 2 
16 1.077 876 32 -.96/.94 C1 , ~ 

2 0:675 876 20 -1.0/. 95 13 
3 0.723 876 20 -1.0/. 95 9 
4 0. 776 876 20 -1.0/. 95 11 
5 0.827 876 20 -1.0/.95 12 
6 0.974 876 20 -1.0/. 95 13 
7 1. 027 876 20 -1.0/. 95 12 
8 1.030 S74 20 -.92/.78 11 
9 1. 076 876 20 -1.0/. 95 13 

10 1.170 876 19 -1.0/. 95 11 
11 1 . 2?JS S74 19 -.84/.80 6 
12 1.274 876 20 -1.0/. 95 13 
13 1.355 876 19 -1.0/. 95 8 
14 1.437 876 20 -1.0/. 95 9 
15 1.440 S74 20 -.90/.81 9 
16 1. 505 876 20 -1.0/. 95 9 
17 1. 590 S74 20 -.90/.81 8 

17 1.105 C67 20 -1.0/1.0 7 
18 1.170 876 33 -.96/.96 11 

H 1.600 876 20 -1.0/.95 8 
1' 1.687 875 20 -1.0/. 95 11 

19 1.248 C67 20 -1.0/1.0 7 
20 1.275 876 33 -.96/.96 13 

2C 1.767 B76 20 -1.0/. 95 8 
21 1. 790 S74 19 -.81/.82 8 

21 1.356 876 31 -. 96/.94 9 22 1.871 876 20 -1.0/. 95 10 
22 1.432 C67. 20 -1.0/1.0 7 23 1. 975 876 19 -1.0/. 95 10 
23 1.438 B76 33 -.96/.96 13 24 2.055 876 19 -1.0/. 95 11 
24 1.505 876 33 -.96/.96 11 25 2.267 876 17 -1.0/. 95 12 
25 1.590 N72 91(93) -.85/l.oa 9 
26 1. 601 1376 33 -.96/.96 10 
27 1.688 B76 34 -.96/.96 12 
28 1. 715 C69 40 -1.0/1.0 4 
29 1. 767 B76 34 -.96/.96 8 
30 1.790 ~i72 87(88) a 7 -.85/1.0 
31 1.872 E76 34 -.96/.96 13 
32 1.889 . C69 40 -1.0/1.0 7 
33 1.975 E76 34 -.96/.96 10 
34 1. 990 ~;72 73{75) -.85/l.Oa 10 
35 2.056 B76 34 -.96/.96 12 
36 2. 071 C69 40 -1. 0/l. 0. 5 
37 2.190 N72 70(72) -.85/l.Oa 5 
38 2.265 C69 40 -1.0/1.0 11 
39 2.267 876 35 -.96/.96 12 
40 2.390 N72 63(66} - .85/l. o·a 10 
41 2.460 C69 40 -1.0/1.0 11 

~· ·----· .._ . -- ---

(a) As explained in N72,data in the very backward direction (-1< cose <-.85) where the 
chamber efficiency is low, have been omitted because of the systematic error in the 
correction which is large and thus the related data quite unreliable. 



TABLE II 

(~~)e=0° 1da) 
[11 J 

x2Jpt (~~)e=0° (~~)e=l80° 
[11 J 

NO PLAB NPTS Nl x2Jpt (mb/sr) Disp.l NO 
PLAI IIII'TS N (mb/sr) Disp. 

'drl e=l80° Rel. 1 Relations 
. biB 27 5 2.bO• 3.3S5 .0320 .,T . I. 35b 31 b •. b8b .818 . 305 7 .051 
.b 18 27 b 2.25' 3 .• r. .2752 •. 073 II I. 35b 31 T I. b9b . '7• .5911 .051 
.b\8 27 7 I. 322 3. 59& .0000 •. 073 II I. 35b 31 8 1.6\b . 355 .•955 . 051 
.618 27 8 I. 068 3.&27 .06 73 •.073 II I. 356 31 ' I. 321 .200 .61~3 .051 
.618 27" 9 .889 3. 5 73 .2736 • .073 II I. 356 31 10 I. 310 . 117 1.680 . I 03 .5532 .1200 . 55 30 .051 
.618 27 10 .87& 3. 5•6 .080 .100 .1.10 .7800 . 1'00 '. 07 3 II I. 356 31 II I. 35 8 .238 .•656 .051 
.618 27 II .8&7 3. 5 39 .1801 •. 073 II I. 35 b 31 12 1.188 .01' .3091 .051 
.618 27 12 .76• 3.56• .3675 •. 073 II 1.3H 31 13 1.302 .. .biT .0002 .051 
.biB 27 13 .b72 3. 508 -~153 '. 0 73 II I. 35 b 31 •• 1.290 1.800 . 6 73. .051 
.biB 27 •• .b21 3 ... 8 .1617 •. 073 

-----------------------------------------------------------------------------------------------
2 .b75 30 5 •.• 70 3 .• 58 .3260 .. , .. I 12 I. •38 33 6 8 .• 59 .6•2 . 2035 . 120 
2 .b75 30 6 •. 769 3 .•91 .3938 •.265 12 I .•38 33 7 2. 505 .3 .. .5017 . 120 
2 .b 75 30 7 3-. 3•1 3.552 .2.08 •. 265 . 12 I .•38 33 8 2. 351 .2•2 .•ooo . 120 . 
2 .b75 30 8 3 .• 02 3. 5•• .21b0 •. 265 12 I. •38 33 9 1.723 .lib .5260 .120 
2 .675 30 9 3. 277 3. 5 35 .2519 •.2b5 12 I .•38 33 10 I. 705 .057 .6.0 .001 .• 666 .0600 .• 660 . 120 
2 .b75 30 10 3.325 3. 5•3 .o•o .010 .2926 .0001 .2910 •. 265 12 I .•38 33 II 1.661 .210 .3131 .120 
2 .b75 30 II 2.633 3.583 .0510 •. 2b5 12 I .•38 33 12 I. 5 70 .1.3 .2.63 .120 
2 . b 75 30 12 2.669 3. 5 75 .0001 •. 2b5 12 I .•38 33 13 2.002 .55• .0002 .120 
2 . 6 75 30 13 1.873 3. 509 .6365 •. 2b5 12 I. •38 33 I' I. Ill .b9b .0001 . 120 
2 .b75 30 •• I. 81' 3.5 .. I. 075• ..265 

----------------------------------------------------------------------------------------------- .1009 .26T 
3 .72• 31 5 •. 5b8 2. 5 73 .1879 3.2•8 13 1.505 33 b T. 809 .b2' 
3 .72• 31 b 5 .OH 2. 593 .2290 3.2•8 13 1. 505 33 T 2.03• . 375 , .3556 . 26 7 

3 .72• 31 7 2.918 2. 700 .0001 3.2.8 13 1 .505 33 8 I. q5 T . 331 . 3118 .2bT 

3 .12• 31 8 3.176 2.b90 .0001 3. 2•8 13 1.505 33 q I. 8'6 .301 .3.10 .2bT 

3 .72• 31 9 l.b89 2.b31 .lb08 3. 2'8 13 1 .505 33 10 1. &•8 .2" .•eo .001 .338T .0200 .3380 .26T 

3 .72• 31 10 I. 582 2.66. .120 .030 .3215 .0001 .3200 3.2.8 13 I. 505 33 11 l.b,. . .S5 .182T .26T 

3 .72• 31 11 .971 2.72' .0001 3.2•8 13 I. 505 3:. 12 1.660 .•25 .1520 .267 

3 .72• 31 12 I. 001 2.722 .0001 3.2•8 13 I. 505 33 13 I. 8b3 .666 .0001 . 2b T 

3 .72• 31 13 I. b32 2. 737 .0001 3. 2•8 13 I. 505 33 I• I •23 .779 .02•3 . 2b 7 

3 .72• 31 I' .• 81 2. 789 .• 5b• 3. 2•8 

---------------------------------------------------~----------------------------------------- ------------------------------------------------··--------· ----------.--------------------------------
• .77b 31 5 3.b2' I. 5•2 .0001 1.98b I' I. 601 " 6 5.3b5 . 78 7 .010' . •fiT 

• .77b 31 b 3. HO I. 530 .0001 I. 986 I' I. HI 33 T I. 510 .608 .1892 ... 67 

• .776 31 T b. 710 I. 588 .0001 I. 986 I' 1.601 33 8 I. 3b T .62T .2080 . 'tb 7 

• . 17b 31 8 3.897 I. b I 0 .0001 I. 986 I• I. 60 I 33 9 I. 119 .51b . 31 ~I ,,'tt. 7 

• .776 31 9 3.821 I. 610 .0001 I. 98b I' I. HI 33 10 .935 .369 .2b0 .080 . I T26 . 1 •oo . I 720 .. ~f. 7 

• . 71b 31 10 I. I 03 l.b., .o•o .001 .0897 .lb•o .0010 I. q96 I' I. bO I 33 II . 935 .370 . I 71 T .•H 

• .77b 31 II 2.830 I. b81 .0001 I. q96 I' I. bO I 33 12 .925 . 3'6 .l't7 .. . .. ~ 7 

• .77b 31 12 8.897 I. 659 .0001 I. 98b I' I. bOI 33 13 _,06 .3'9 .o9•s .•b! 

• . 776 31 13 •. 512 I. b'6 .0001 1. '86 I• I. 601 33 I' .8•o .295 .0001 .'tb 7 

' .7H 31 I' .5• 3 I. 679 . 25 3' I. 986 

·-------------------------------------------
5 . 825 31 5 . 6.615 L261 .0001 I. 560 15 I. ~88 3• b 6. 3b9 .T23 .0000 . 58 7 
5 .825 31 b 8. 705 1.172 .0001 I.HO 15 I. 1>88 3• 7 2. 311 . 593 . 1180 . 58 7 
5 .825 31 7 12.•b• I. 223 .0001 I. 560 15 I. 688 3' 8 I. 5 T• .bbb .1912 . 58 T 
5 .825 31 8 6.88~ l. 268 .0001 I.HO 15 1.688 3• 9 I. 5 T3 .668 . I 891 . 58 7 

' .825 31 9 2 .• 91 I. 225 .0001 I. 5b0 15 I. b88 3• 10 I . T 3• . 5 •• .080 .270 . I 052 . I 000 . I 050 .H7 

5 .825 31 10 .899 I. 285 .010 . 001 . .23T5 .0010 .o•oo I.HO 15 I. 688 3• II I. 711 .• 8, .2008 . 58 7 

5 .825 31 II .933 I. 291 .2007 I.HO 15 I. 688 3• 12 I . 321 .318 .0199 58T 

5 .825 31 12 3. '66 I. 239 .0001 I. 560 15 I . b88 ,. \3 I q~q . '4 ... 3 .0001 58 1 
5 .825 31 13 9 .• 07 I. 266 .0002 r:·560 15 I. b88 '" ,. 2. 7 JS .J~J .0001 . s 8 7 
5 .825 31 I' 12. 312 I. 255 .0002 I 560 

---------------------------------------------------------------------------------------------------
I 

N 
+::> 

(' ~ 



TABLE II (continued) 

(~~)e=0° 1da) 
[11 J 

x2/pt (~~)e=0° (~~)e=l80° Disp. [ll] 
NO PLAI NPTS N x2/pt (mb/sr) Disp. NO PUB NPrs N (mb/sr) 1 'dst e=l80° Rel. 1 Relations 

6 .97~ 3~ 5 21. 2~7 3.102 .0821 3.~66 16 I. 767 3~ 6 12.978 .673 .0000 .669 0 
6 .9H 3~ 6 19.521 2.88~ .0002 3.~66 16 I. 767 3~ 7 I. 9 I~ .555 .0508 .669 
6 .97~ 3~ 7 28.66~ 3. 005 .0003 3.~66 16 I. H7 3~ e I. 09~ .6~5 .1~12 .669 
6 .97~ 3~ 8 27.002 3.017 .0003 3.~66 16 I. 767 3~ 9 I. 063 . 6 73 . 1138 .669 c 6 .9H 3~ 9 26.36~ 3.01~ .0003 3.~66 16 I. 76 7 3~ 10 I. 062 . 6~ 3 .070 .C90 .08~0 .0600 .0830 .669 
6 .97~ 3~ 10 3.903 3.109 .010 .010 .0001 .0100 .0100 3.~66. 16 I. H7 3~ II I. 058 .636 .090• .669 
6 .9H 3~ II 5. 785 3. II 9 .0002 3 .• 66 16 I. 767 3~ I 2 1.032 . 59~ .o•82 .669 
6 .97~ 3~ 12 20.685 3. 071 .0003 3.~66 16 I. 767 3~ 13 I . 311 . 710 .0000 .669 
6 .97~ 3~ 13 55 -~32 3.1~~ .0005 3. ~66, 16 I. H7 3• I~ I. 35 6 .705 .0000 .669 
6 .97~ 3~ I~ 6~.685 3.129 .0006 3.~66 

'~ ------------------------------------------------------------------------------------------------ ----------------------------------------------------------------------------------------------------
7 1.027 31 5 6.827 2.~32 .0661 2. 88T 17 I. 8 72 3• 6 3. 503 .633 .0037 .706 
7 1.027 31 6 '6.9~2 2.036 .0002 2.887 I 7 I. 8 72 3~ 7 1.173 .5~8 .0886 .706 Tr1 

..c.;·~ 

7 I. 027 31 7 7.065 I. 817 .0002 2.887 17 I. 8 72 3~ e I .060 .582 .1229 .706 
T I. 027 31 8 8.189 I. ~73 .0002 2.887 I 7 1.872 3~ 9 I. 035 .626 .0786 .706 
7 I. 027 31 9 2.508 .89~ .05~2 2.887 17 1. e 12 3~ 10 1.036 .632 .3.0 ·.080 .08~ I .0~00 .o8•o .706 co 7 I. 027 31 10 I. 871 1:1 qq 2.~20 .310 .2285 .0010 .2280 2:887 17 1. e 12 3~ II I. 027 ,653 .0631 .706 
7 I. 027 31 II 2.022 I. 55~ .0391 2.887 17 I.e 72 3~ 12 I. 0e2 .690 .1005 .706 

1.027 31 12 5.612 .6~3 .0003 2.887 17 I .872 3~ 13 1.8~~ .886 .0000 . 706 
I. 027 31 13 II. 7~3 1.555 .000~ 2.ee7 I 7 l.e72 3~ I~ I .059 .96e .0000 .706 .,..,;.;, 

.. ,~ 
I. 027 31 I~ 1.29e 3.62e .0655 2.887 

------------------------------------------------------------------------------------------------ ---------------------------------- ----------------------------------------------------------------~~: 
e 1.071 32 5 3. 509 I. 212 .0001 I. HI 18 
8 I. 071 32 6 2. 795 1.~00 .0936 .... I. 7~ I te 
8 1.071 32 7 3.51~ 1.192 .2383 !.HI 18 
8 1.071 32 e 2.907 .9e9 .1062 1. r•t 18 
8 1.071 32 9 1.'16 .551 .3738 I. 7'11 18 
8 I. 071 3Z 10 1.060 .808 I. ~50 .•oo .5207 .0010 .5200 I. HI 18 
8 1.071 3Z II I .050 I. 0~6 .3935 I. HI 18 
8 1.071 3Z 12 .763 .•15 .0715 I. HI' 18 
8 1.071 32 13 I. 321 I.OH .0002 !.HI 18 
& I. 071 32 I~ .~96 2:258 .2887 I. 7'1 

9 I. I 71 33 5 13. I 23 .5~1 .0~6· , I .. 9 I. 171 33 6 ~.916 .. 756 .2612 .525 19 
q I. I 71 33 7 2.79• . 5 37 .H9~ . 525 19 
9 I. I 71 33 8 2 -~ 17 ... 63 .~055 .525 . I 9 
9 1.171 33 9 2.071 .39e .•roe. .525 19 
9 I. I 71 33 10 I. 893 .• 59 . :;so .060 . 5 311 .0010 .5310 . 525 I 9 
9 I. I 71 33 II 1.9.2 .666 .3239 . 525 I 9 
9 1.171 33 12 1.828 .• 65 .1232 .525 I 9 
9 I. 171 33 13 1.692 .676 .0002 .325 19 
9 I. 171 33 " 1 .• 91 .eo5 .o•o8 . 525 

-----------------------------------------------------------~-----------------------------------
10 I. 275 33 6 4.517 .668 .326• .t•e 

r 10 1.275 33 1 2.000 -~20 .5736 .1~8 20 
10 1.275 33 8 I.~H .270 .•229 .1~8 20 
.10 I. 275 33 q 1.200 .16 .. .5283 .1"8 20 
10 1.275 33 10 1.187 .252 I. 012 .090 .6162 .0010 . 5 290 .1"8 20 
10 I. 275 33 II 1.352 .• 21 . .-75 1"8 20 
10 I . 2 75 33 12 l. 327 . ;)7 . 563~ 1~8 

20 
10 I. 275 3~ 13 .850 1.013 .08!2 .I ~e 20 
10 1. 275 33 , .. .883 1.a• .337e .1•8 

20 

I. 9 75 3~ 6 3.36e 
I. 975 3~ 1 I. 8•7 
1.975 3'1 8 1.7H 
1.975 3' q 1.007 
1.975 3• 10 1.268 
I. 975 3' II .60• 
I. 9 75 3' 12 .878 
I. 9 75 3• 13 . 527 
I. 9 75 3• ,. .919 

2.055 3' 6 •. 786 
2.055 3• 7 3.03e 
2.055 3' 8 2.903 
2.055 3' q I. 53" 
2.055 3• 10 1. •57 
2.055 3' II 1.133 
2.055 3• 12 .75• 
2.055 3• 13 .716 
2.055 3• " . 693 

2.267 35 6 3.093 
2.267 35 1 2.02• 
2.267 35 8 2. 037 
2.261 35 9 I. 565 
2.267 35 10 I .217 
2.261 35 II .791 
2.267 35 12 .5oe 
2.267 35 13 .•72 
2.267 35 ,. .53• 

.5•9 .o2ee 

.~ee :oe93 

.5~1 .1.19 

.608 .0753 

.•8• .120 .290 .0000 

.398 .036' 

.322 .0000 

.261 .0202 

.I 92 .0000 

. 5•2 .OilOO 

.• 79 .1~25 

. 5 38 .2017 

.618 .1222 

.•eo .1'0 .39(! .0000 

.291 .1730 

.12e .0100 

.Oe6 .0521 

.108 .01•1 

.371 . 1020 

.336 .1 .. 8 

.3 .. 2 .1528 
363 .1256 

.275 .090 .180 .oo•5 

.177 . 1'33 

.I oe . 0.1.10'+ 

.096 . 0589 

.215 .2•eq 

. 1'20 .0010 

.1220 .0010 

. 25 00 .0010 

.659 

. 659 

.659 

.659 
0'• 

.659 
.659 "' " . 659 '""'" . .659 
.659 

0~~ 

----------
. 585 
. 585 
. 5 85 
. 5 e5 
.5e5 
. 585 
. 5 85 
.585 
. ~ 85 

.30• 

.30• 

.30• 

.30• 

.30' 

.30• 

.30' 

.30• 

.30• 

N 
(..'1 



TABLE IV 

TRAJ. PLAI ECJit t ( + J ( ++) ( ++ J C+++ J C++ TAAJ. PLAB ECPI t C +) C++) ( ++) C+++ J C+++ J 

(GEV/tl!GEVl z (GeV 2) w ±o(~tl) wr Rw cGEV/tl!GEvl z (GeV 2) w ±o(w) wr Rw 

lA .618 1.••5 .273 -.060 -.23• -.019 .290 -1.02• .066 .126 1.06• 5.502 IIA 1.356 1.860 .626 -.127 -.350 -.119 .726 -.923 .030 .026 1.175 2.925 
1e .618 1.••s .os• .327 -.305 .105 .010 1.378 .oa2 .103 1.319 5.502 118 1.356 1.860 .060 .2•3 -.aao .228 .or• 1.211 .oa• .091 1.213 z.9Z5 
1t .618 ~. .. , -.682 ".21• -.5•1 -.o69 -.868 -.998 .Z09 .ZZ6 1.323 5.502 ut 1.356 1.860 -.zo9 -.110 -1.132 -.103 -.zn -1.09• .oz• .oza 1.119 2.925 
10 .618 1.••5 1.098 .o•• .032 .03' 1.590 .305 .270 .112 1.619 5.502 liD 1.356 1.860 .278 .687 -.676 .6.3 .•38 1.878 .750 .809 1.929 2.925 
IE .618 1.•05 -.990 -.031 -.6•1 -.010 ·1.138 -.236 .166 .160 1.162 5.502 liE 1.356 1.860 -.91• -.023 -1.792 -.OZI -.965 -.•32 .o•o .028 1.057 2.925 
IF .618 1.•05 ·.093 .162 -.•81 .052 -.583 1.051 .089 .oa• 1.202 5.502 IIF 1.356 1.860 -.672 .103 -1.565 .097 -.76• .857 .035 .032 1.1•8 2.925 
IG .618 1.•05 .817 -.232 -.059 -.075 1.095 -.913 .12• .105 1.•25 5.502 IIG 1.356 1.860 .999 .013 -.001 .012 1.110 .130 .3•0 .169 1.118 2.925 
IH .618 1.•-s .76• .3.:1 -.076 .110 1.092 1.1•• .151 .1•z· 1.581 5.502 IIH 1.356 1.860 .835 .228 -.15. .213 1.123 .889 .209 .211 1.•32 2.925 
II .618 1.••5 -.302 -.32! -.•19 -.105 -.399 -1.3•0· .281 .225 1.398 5.502 Ill 1.356 1.860 .069 -.68• -.872 -.6.0 .101 -1.890 .323 .332 1.891 2.925 
IJ .618 1.•05 -.859 .063 -.599 .020 -.962 .589 .075 .019 1.128 5.502 IIJ 1.356 1.860 -1.197 .105 -2.056 .098 -1.871 .290 .38• .327 1.8,_ 2.925 

----------------------------------------------------------------------------------------------------------- ---------------------------------------------------------------------------------·---------------------·-------
20 .675 1.•81 .316 -.19• -.225 -.071 .•65 -1.1•0 .088 .088 1.231 5.o•• 1ZA 1.'38 1.900 .605 -.123 -.398 -.12• .691 -.933 .022 .022 1.165 2.822 
ZB .675 1.•81 .01• .3•9 -.361 .128 .018 1.•09 .019 .122 1.•09 5.0•• 128 1.•38 1.900 .139 .136 -.869 .137 .157 1.136 .028 .007 1.107 2.822 
zt .675 1.•81 -.602 -.139 -.586 -.051 •. 705 -.956 .076 .oa• 1.188 5.o•• 12t 1.438 1.900 -.276 -.oao -LZB6 -.oao -.299 -1.oos .o1• .020 1.0a6 2.822 
ZD .675 1.•81 1.138 .128 .051 .007 1.723 .378 .05. .236 1.764 5.o•• IZD 1.•38 1.900 .308 1.333 -.698 1.3•• .555 2.989 1.701 1.613 3.0•0 2.822 
ZE .675 1.•81 -.916 -.OZ• -.723 -.009 ·I.OH -.265 .285 .081 1.107 5.o•• IZE 1.•38 1.900 -.910 -.028 -1.926 -.028 -.911 -.••a .028 .020 1.070 2.822 
2F .675 1.•&1 -.•39 .137 -.526 .o5o -.505 1.o•a .o5z .o50 1.163 5.o•• IZF 1.•3a 1.900 -.666 .121 -1.679 .122 -.111 .as• .o2• .o2• 1.173 2.az2 
2G .675 1.•81 .916 -.32• -.031 -.118 1.350 -1.001 .376 .209 1.68• 5.o•• 12G 1.•38 1.900 1.0•0 -.012 .o•o -.012 1.327 -.056 .122 .066 1.328 2.822 
2H .675 1.•81 .767 .•12 -.085 .151 1.139 1.261 .265 .162 1.700 5.o•• 12H 1.'38 1.900 .719 .182 -.za• .183 .895 .922 .055 .055 1.285 2.822 
21 .675 1.•&1 -.121 -.211 -.•12 -.101 -.161 -1.308 .1•3 .101 1.317 s.o•• 121 1.•3a 1.900 .385 -.912 -.620 -.920 .650 -2.237 .505 .6oo z.JJO 2.a22 
2J .675 1.•81 -.aa• .181 -.689 .066 -1.163 .755 .209 .102 1.386 5.o•• UJ 1.•3a 1.900 -1.15• .112 -2.112 .113 -1.760 .326 .2•a .266 1.789 2.8z2 

------------------------------------------------------------------------------------------ -----------------~-------------------------------------------------------------------------------------------------------------
30 .12• 1.511 .206 -.160 -.321 -.065 .239 -1.152 .086 .086 1.176 •. 722 13A 1.505 1.933 .5n -.130 - .• 55 -.138 .66• -.963 .026 .022 1.170 2.707 
3B .12• 1.511 -.011 .330 -.•o9 .133 -.o1• 1.382 .093 .099 1.382 •.122 138 1.505 1.933 .186 .153 -.869 .163 .21• 1.108 .037 .051 1.168 2.707 
Jt .rz• 1.511 -.396 -.135 -.56• -.055 -.05. -1.065 .051 .060 1.158 •.722 13C 1.505 1.933 -.282 -.058 -1.368 -.062 -.299 -1.020 .01• .028 1.063 2.7.7 
3D .rz• 1.511 1.102 .019 .0•1 .008 1.567 .065 .195 .1•1 1.568 •.722 13D 1.505 1.933 -2.062 .031 -3.268 .033 -3.865 .066 5 .• 10 5.789 3.865 2.707 
3E .12• 1.511 -1.028 -.029 -.819 -.012 -1.288 -.1•2 .ZBZ .206 1.296 •.722 13E 1.505 1.933 -.910 -.058 -2.039 -.062 -1.031 -.093 .035 .oz• 1.1q3 2.H7 
JF .rz• 1.511 -.•13 .148 -.511 .060 -.079 1.073 .060 .062 1.175 •.TZZ 13F 1.505 1.933 -.677 .161 -1.190 .172 -.819 .928 .039 .0.6 1.238 2.707 
3G .12• 1.511 .688 -.298 -.126 -.121 .937 -1.122 .181 .1•1 1.062 •.122 136 1.505 1.933 1.057 -.03• .o6o -.037 1.•11 -.137 .z1o .165 1.•1& 2.707 
JK .12• 1.511 .788 .3ZO -.oa6 .129 1.111 1.oae .111 .oa• 1.559 •.rzz 13K 1.505 1.933 .6•Z .138 -.383 .107 .75• .925 .036 .o•a . 1.193 2.707 
31 .r2• 1.511 -.3 .. -1.351 -.5•3 -.506 -.623 -3.019 2.568 3.052 3.083 •.rzz 131 1.505 1.933 1.326 -.•57 .3•a -.•aa 2.291 -1.oa2 1.291 1.661 2.539 2.707 
3J .12• 1.511 -.912 .oro -.173 .oza -1.057 .510 .1za .166 1.173 •.122 13J 1.505 · 1.933 -1.1•• .229 -Z.Z89 .2•• -1.192 .633 .13• .eo• 1.90o 2.r•r 

-;;----~77;--~~;~;------~;;;--=~~;2-----=~2~;--:~;;;;------~;;;;;-:1~113---"--~;;;---~;;;-----~~235-----;~;;;- ;;;---~~;;;--;~;;;------~;;;2--=~;;;;-----:~;;;--=~~;~------~;ii;--=~;;6------~ii;2---~ii~2-----i~2~1-----2~652 __ _ 
•• .776 1.5•3 -.o•• .219 -.06• .12• -.052 1.316 .oa5 .o61 1.317 •.• 36 101 1.601 1.919 .2rs .111 -.832 .135 .312 I.OB6 .o•z .o6o I.IJo 2.652 
•t .776 1.503 -.189 -.153 -.530 -.o68 -.21a -1.108 .060 .o•• 1.168 •.• 36 1•t 1.601 1.979 -.JZ• -.o•r -1. 526 -.o50 -. 3• 0 __ 9,. .o 1• _032 1. 050 2 _652 
•o .776 1.503 1.011 .101 .oJ• .005 1.531 .3•1 .190 .IZ5 1.568 •.• 36 ••o 1.601 1.919 -.515 .600 -1.1•1 .691 -.aoo 1.6&• .•19 .•20 1.860 2.652 
•E .776 1.5•3 -1.006 -.oo• ··.&9• -.002 -1.121 -.o.. .216 .121 1.122 •.•3• 1•E 1.601 1.979 -.919 -.006 -2.212 -.053 -1.023 -.•57 .005 .035 1.120 2.652 
•r .176 1.5•3 -.•ar .257 -.662 .115 -.623 1.178 .1a• .156 1.333 •.•36 1•F 1.601 1.919 -.706 .1•a -2.012 .111 -.9o• .809 .062 .057 1.2•0 2.652 
•G .TH 1.503 .859 .-.215 -.063 -.096 1.152 -.a•• .122 .107 1.•28 •.• 36 lOG 1.601 1.919 1.002 -.013 .002 -.oa• 1.271 -.306 .096 .089 1.317 2.652 
'" .776 1.5•3 .728 .2,. -.121 .131 .997 I.OBB .077 .012 1.076 •.•36 1•H 1.601 1.979 .650 .100 -.399 .116 .739 .869 .o•o .o•r 1.101 2.652 
•1 .776 1.5•3 -.56• -.600 -.697 -.285 -.893 -1.735 .305 .653 1.951 •.• 36 101 1.601 1.919 .151 -.BOO -.287 -.922 1.269 -1.959 .705 .756 2.33• 2.652 
•J .776 1.503 -.933 .019 -.861 .035 -1.112 .• 89 .202 .157 1.210 •.• 36 .l.J 1.601 1.919 -1.106 .008 -2.073 .009 -1.705 .023 .066 .381 1.706 2.652 

------- ---------------------------------------------------------------------------------------------------- '-------------------------------------------------------------------------------------------------------------
5A .825 1.572 .619 -.oaa -.185 -.o•3 .688 -.aa1 .039 .o•a 1.11a •.206 15A 1.688 2.020 .562 -.10• -.539 -.178 .658 -.990 .033 .030 I.IBB 2.576 
58 .az5 1.572 -.126 .206 -.507 .119 -.157 1.269 .o5z .067 1.278 •.206 158 1.688 z.o2o .330 .21a -.BZ• .268 .•o• 1.189 .oar .oeo 1.256 2.576 
5t .825 1.572 -.291 -.137 -.629 -.061 -.339 ci.I03 .0•2 .060 1.150 •.206 15t 1.688 2.020 -.333 -.ooo -1.600 -.ooo -.333 -.903 o.ooo o.ooo 1.000 2.576 
50 .825 1.572 .525 .375 -.230 .182 .732 1.328 .1•2 .117 1.516 •.206 15D 1.688 Z.OZO -.347 .527 -1.651 .609 -.515 1.616 .228 .219 1.696 2.516 
5E .825 1.572 -1.oo• -.029 -.972 -.01• -I.IBB -.189 .o9o .089 1.202 •.zo6 15E 1.688 2.020 -.901· -.o•3 -2.339 -.053 -.989 -.•er .o•• .036 1.102 2.576 
5F .825 1.572 -.610 .638 -.781 .310 -.970 °.717 .522 .500 1.912 •.206 15F 1.688 2.020 -.785 .137 -2.196 .169 -.950 .193 .056 .050 1.237 2.516 
5G .825 1.512 .967 -.1•1 -.016 -.071 1.292 -.58• .082 .117 1.•18 •.206" 15G 1.688 2.020 .90• -.060 -.068 -.019 1.107 -.•37 .062 .0•1 1.190 2.516 
5H .825 1.572 .902 .209 -.007 .101 1.228 .788 .10• .076 1.•5• •.206 15H 1.688 Z.OZO .637 .019 - .•• 6 .097 .702 .P56 .0•1 .052 1.107 2.516 
51 .az5 1.572 .039 -.225 -.066 -.109 .o•r -1.209 .oaa .o7• 1.2so •.Z06 151 1.688 2.ozo .asr -1.z•e -.138 -1.535 1.617 -2.765 1.255 1.657 3.2o• z.576 
5J .az5 1.572 -.933 .061 -.938 .OZ9 -1.011 .053 .oro .oaz 1.168 •.206 15J 1.688 z.o2o -1.100 .o2• -2.583 .OZ9 -1.559 .oao .381 .299 1.561 z.576 

----------------------------------------------------------------------------------------------------------- ---------------------------------------------------- ---------------------------------------------------------

I 

N 
0'1 



., 

TABLE IV (continued) 

( + l < ++ l ( ++ ) ( +++ I ( ++ < + I < ++ I ( ++ I C+++ I (. 
TAAJ PLAB ECPI t TAAJ. PLAB ECI'I t ) R 

.<GEvlt><GEv> z 2 , •. , +r~(\•l) ltl R <GEvlt>IGEv> z ( 2 ) w ±0(w w (GeV 1 •· ···~ r w GeV - r 1t 

6A .97• 1.657 .602 -.os• -.21a -.033 .687 -.e2• .otr .otr 1.013 3.618 t6A 1.767 ?..056 .sao -.tta -.5•7 -.ts• .663 -.906 .026 .o3o l.t55 2.5t• 
6B .97q 1.657 .019 .095 -.597 .058 .021 1.099 .OH .065 !.099 3.678 168 1.767 2.056 .332 .255 -.869 .332 .• 18 1.237 .097 .to• 1.305 2.51• 

:~ :~:: ::m -:m :m ::~~~ :m i:m i:~~~ 0 :m 0 :m ::m ~:m ::~ :::g u:: ::m -:m :::~~= -:m ::m i:m :~~~ :m ::m ~:t:' 
6E .97• 1.657 -l.t3• -.026 -1.298 -.016 -1.672 -.oeo .2•3 .168 1.61• 3.67B t6E 1.767 2.056 -.917 -.055 -2 .• 93 -.011 -1.036 -.••6 .066 .o•a l.I"O 2.51" 
6F .97q 1.657 -.313 .361 -.199 .219 -.•2• 1.383 .096 .117 1.••6 3.678 16F 1.761 2.056 -.855 .1"1 -2.•12 .183 -1.063 .118 .107 .110 1.283 2.51" 

:~ :::: ::m !.~~~ -:m -:~!~ -:m ~:m 1:m :m ::;: ::~~; u:: ::~ :::g u~: :m -:m =:~:: -:~g! !.!~~ -:;~r :g!! :g!~ ug~ ~:~ 
61 .97. 1.657 -.239 -.610 -.75• -.311 -.366 -1.763 .165 .152 1.801 3.678 161 1.761 2.056 1.232 -1.295 .302 -1.68. 2.290 -2.803 2.152 2.228 3.620 2.5t• 
6J .97. 1.657 -1.000 .000 -1.216 .000 -1.000 -.019 0.000 0.000 !.000 3.678 16J 1.761 2.056 -1.136 .012 -2.778 .016 -1.67 •. 037 .750 .507 1.61• 2.~1· 

r...,.,-,.,.. 

------ -------------------------------------------------------------------------------------------------~--
rA 1.021 1.687 .651 -.029 -.228 -.o19 .616 -.190 .028 .oze 1.039 3.53• 11A 1.872 2.10~ .557 -.11e -.618 -.16• .635 -.960 .oJZ .o2e 1.151 2.••o 
78 1.021 !.687 .o•s .ooo -.623 .ooo .o•s .999 o.ooo o.ooo 1.000 3.53• 11B 1.872 2.103 .161 .169 -1.163 .236 .t95 1.110 .o•o .o•s 1.186 2.'(q·o 
7t 1.021 !.687 -.257 .000 -.820 .ooo -.257 -.966 o.ooo o.ooo 1.000 3.53• 17C 1.872 2.103 -.330 -.010 -1.856 -.098 -.355 -1.011 .017 .026 1.011 2.•W 
ro 1.021 1.687 1.s•2 .sr• .3H _.375 2.1er. 1.2e• 2.260 2 .. 185 3.069 3.53• 110 1.872 2.IOJ -.525 .209 -2.121 .3H -.670 1.1"7 .062 .069 1.328 2.-.o 
7E 1.021 1.687 -1.oo• -.018 -1.308 -.011 -1.152 -.IJ7 .133 .126 1.160 J.5J• 17£ 1.872 2.IOJ -.eor -.166 -2.521 -.2J2 -l.OIJ -.81" .083 .062 l.JOo z .• ,o 

:~ ::m ::::: 1:m -:~~~ -:m -:m 1:m ~:~:~ :~~: :~:~ u;~ ~:~~= m ::m ug~ -::;: -:~~~ -~:~!f -::~; 1:m -:!r: :~;; :~~; ::m t:rt~· 
7H 1.027 1.687 .716 .229 -.185 .150 .931 .99. .093 .082 l.J62 3.53• 11H 1.872 2.10J .6.5 .OJq -.•96 .OH .67J .800 .OJ9 .039 1.0q5 2 .•• 0 
11 1.021 1.687 -.•oo -.625 -.91" -.•oe -.622 -1.756 .21a .zo2 1.863 J.sJ• 111 1.872 2.103 1.201 -.198 .2ee -.211 1.931 -.529 .696 .6oo 2.002 2.'\ll,ct~ 
r; 1:021 1.687 -1.089 .066 -1.36" .o•3 -1.s.• .22• .2e• .211 !.560 3.5J• 17J 1.ar2 z..IOJ -.988 -.022 -2.rr. -.oJo -1.100 -.21J .1.r .11e 1.120 2.~ 

-;;---~~o77--i~7i~------~;;7---~;;;;;;-----=~~32---~;;iiii------~;;7--=~7~5-----;;~;;;;;;--;;~;;;;;;-----~~;;;;;;-----;~~~;- ;;;---~~975--2~~~;------~51&--=~•;•-----=~718--=~2;;------~;2~-=~~;;;2------~;;;•---~;;~,-----~~232-----2~~ 
8B 1.011 1.71" .o1• .o6a -.685 .047 .o1s 1.010 .OJ3 .067 1.010 3."i3 1n !.975 ·2.1"8 .250 .36J -1.111 .s•o .337 1.•01 .1,. .179 1."'1 2.376 
at 1.011 1.11• -.215 -.075 -.e .. -.052 -.231 -1.055 .01" .oz• 1.oao J."i3 18C 1.975 2.1"8 -.JJ9 - .. 02J -1.993 -.035 -.J•a -.96• .02• .055 1.025 2.J76 
8D 1.011 1.11• l.J79 .332 .Z6J .231 2.Jao .791 1.285 t.or. z.sor 3."i3 180 !.975 z.1•a -.28J .Jar -1.909 .576 -.388 1.•21 .176 .16J 1.478 2.3-76. 
aE 1.011 1.11• -.967 -.OJ6 -1.368 -.025 -1.090 -.JZO .oz• .o•5 1.136 3."i3 18£ 1.975 2.1•e -.eo• -.091 -2.685 -.135 -.92• -.ro• .032 .o2e 1.161 2.:Ji't.. 
SF 1.077 1.11• -.3J5 .161 -.928 .112 -.392 1.119 .O"i .039 1.186 3."iJ 18F !.975 2.1•8 -.141 .120 -2.599 .178 -.871 .808 .o•• .039 !.192 2.376 
8G 1.011 1.110 1.128 -.113 .089 -.079 !.687 -.3H .26• .••2 1.722 3."i3 t8G 1.975 2.1"8 .856 -.158 -.210 -.235 1.086 -.7•5 .088 .117 1.317 2.376 

=~ ::g:~ u:: -:~=~ -:g~ -l:~:; -:m -:m -l:~r~ :~~~ :m ::m ~:::~ ISH 1.915 2.1"8 .656 .115 -.512 .171 .753 .885 .050 .050 1.162 z.:(U'> 
8J 1.011 1.11• -.991 .153 -1.38• .106 -1.35• .511 .101 .067 t.•69 3.•13 181 1.975 2.108 1.258 -.0_, .383 -.013 2.023 -.IJO .655 .• 78 2.027 2.376 

IBJ t.n5 2.10e -t.ooo -.ooo -2.~76 -.ooo -t.ooo .oz• o.ooo o.ooo t.ooo 2.376 

-----------------------------------"----------------------------------------------------------------------- w 
9A ~.~., 1.... . 611 -.103 -. Z55 .. oso 763 -. es• . 022 . ozz 1.1~1 J. 218 •;~---~~;;;;--2~1&;------~;~;--:~;;ii~-----=~7~~--=~i2ii------~;7;--:~;~;;------~~32---~;;~2-----~~~~~-----~~33i-

~~ ::g: ::~~~ =:~;~ -:m :::~~ -:m ::m _::m :m :~g ::m u:: m u~~ u:~ -:m -:~~~ :uu -:~~~ -:m ~:m o:m o:m :'m ~:J:f' 
~o 1.111 t.16• -~•• .699 -.020 .5•2 1.655 1.100 1.036 I.OI" Z.J72 3.218 190 2.055 2.1aJ -.293 ."i6 -2.018 .650 -.•to 1.•66 .31• .21• L522 2 .3Jt 
9E 1.111 1.16• -.935 -.030 -1.500 -.023 -1.012 -.J96 .030 .026 1.086 J.218 IH 2.055 2.183 -.785 -.039 -2.786 -.061 -.835 -.661 .o•2 .oor 1.065 2 . 331 
~F 1.171 1.16• -.•39 .1•2 -1.116 .110 -.507 1.05• .081 .OH 1.169 3.218 19F 2.055 2.18J -.701 .087 •2.717 .!J6 -.835 .771 .OH .0.5 1.1 36 2 . 331 
OG 1.171 1.76• 1.0~1 -.126 .. 071 -.098 1.59(. -.•02 .220 .285 1.6"1 J.ZI8 I~G 2.055 2.183 .878 -.0~1 -.190 -.1"1 !.OJ• -.601 .057 .056 1.1~6 2 .33! 
9H 1.111 1.16• .a•6 .12J -.119 .096 1.021 .roo .057 .057 1.2•J J.218 19H 2.055 2.183 .11~ .on -.•38 .151 .eta .805 .037 .0•2 1.1"8 2 . 3J 1 
" 1.111 1.16• -.651 -.729 -1.280 -.565 -1.070 -1.862 .3J5 .J55 2.107 3.218 191 2.055 2.183 1.973 .077 1.518 .120 3.670 .166 2.369 2.030 3.678 2.331 
9J 1.171 1.760 -.972 .281 -1.52~ .218 -1.•35 .872 .2J• .190 1.67~ J.ZI8 I~J 2.055 2.183 -1.010 .001 -J.IJ7 .002 -1.155 .011 .157 .079 1.155 2.J31 

----------------------------------------------------------------------------------------------------------- ----------------------------------------------------------------------------------------------------------
lOA 1.275 !.BIB .627 -.096 -.32J -.083 .703 -.8~· .021 017 I.IJO J.O•t ZOA 2.267 2.260 .50• -.171 ·-.819 ·.303 .602 -1.057 .109 .1"1 1.216 2 .2 18 
lOB 1.275 !.BIB -.107 .206 -.958 .178 -.128 1.222 .060 :066 1.229 3.001 20B 2.267 2.260 -.008 .2•6 -1.786 .• 36 -.010 1.276 .162 .165 1.276 2 . 218 
tot 1.275 1.818 -.10~ -.101 -.955 -.oar -.110 -1.101 .022 .oJo 1.101 3.0•1 zoe 2.267 2.260 -.301 -.or• -2.J06 -.132 -.325 -1.031 .o26 .026 t.oet 2.21a 
too 1.275 I.B18 .306 .J97 -.6oo .3•• .•z• 1.•35 .136 .157 1.097 3.001 zoo 2.267 2.26o -.276' .•36 -2.261 .773 -.389 t.09a .•e• .365 1.s.r 2.21a 
IOE 1.275 1.818 -.916 -.000 -1.658 -.000 -.916 -.•01 0.000 0.000 1.000 3.001 ZOE 2.267 2.260 -.772 -.100 -3.100 -.177 -.8~0 -.75• .0.. .O•• 1.166 2 . 218 
IOF 1.275 !.BIB -.633 .066 -l."i• .057 -.687 .a•• • .o•r .oor 1.oee J.o•t 20F 2.267 2.260 -.1•2 .ooo ~3.087 .ooo -.r.2 .670 o.ooo o.ooo 1.000 2 . 218 
lOG· 1.275 1.818 1.003 -.006 .003 -.005 1.101 -.067 .227 .015 I.IOJ 3.0"i 20G 2.267 2.260 .73J -.038 -.01• -.068 .11• -.721 .090 .118 1.058 2.218 
IOH 1.275 I.BI8 .806 .o•• -.133 .OJ8 .91.5 .583 .082 .051 1.085 3.0"i ZOH 2.267 2.260 .707 .208 -.520 .368 .8~9 .910 .121 .081 1.322 2 .2!8 
101 1.275 1.818 -.3J3 -.•11 -1.15J -.•oe -.oeo -1.536 .IJB .102 1.609 J.O"i 201 2.267 2.260 1.053 .o~z .o,. .162 1.•52 .33• .110 .1s1 t.'"o 2 .21a 
IOJ 1.275 '1.818 -1.132 .138 -1.806 120 -1.712 .• 09 .236 .225 1.760 3.0•1 20J 2.267 2.260 -1.006 -.005 -3.55• -.010 -1.122 -.053 .153 .076 1.123 2.218 

~:~l ~~~ ~:~s~ f1 /6 JF~~Ap~~~~SO~N(:~~l:~E~C!'Jl, 
!ERRORS ON THE CRITICAL POINT POSITIONS HAVE BEEN AATIFIC!ALLV SET TO ZEAO FDA CO,,DDITV. SEEAEF. <!OJ FOR DETAILS. l 

(+++l SEE Ff6.133 l FOR THE PLOT OF THE DISTANCE TO THE PHVSJCAL AEGJON"IN THEW-PLANE VS PLAB. 
. 1 THESE DISTANCES HAVE BEEN CALCULATED BEFORE THE RESOLUTION OF THE DISCRETE AI'IBIGUITV, ASSU,ING ALL 

.TAAJECTOAIES IN THE W-PLANE AAE OUTSIDE THE UNIT CIRCLE. 
SOLUTIONS INSIDE WOULD HAVE - 1"1 Z l AND 11'1< T l CHANGED SIGN, 

: :A A~~~A~~D A:;L~~~~~ ~;.'~~bR INVERSE. l 

N 
'-.! 



TABLE V 
- 28 -

Plab Critical points
1 Discrete ambiguity ! Plab Critical poi·ntst Discrete ambiguityt1 

I 

(GeV/c) 4* 3* 2* 1* A B C ·D E F G H I J. GeV/c) 4* 3* 2* 1* A B C D E F G H I J 

-·-····------· ---+----+--+----' I I I I I 0 0 0 0 0 ..._---+-t---+- F,G I o I I o ~o 0Ao 1 

0.618 A 1. 356 G 

-·--···-----·1---1----+--+-----l 0 I I I I 0 0 0 0 0 t-------+-+---+-+--i IOIIOIIIOI 

0.675 1.438 E 

· -···· ····-- ·-·- -------1r---+---+ 0 I I I I 0 0 0 0 0 f-------+---r'---+--- B - I ~I I I I I I 0 I 

0.724 1.505 

+--+-----+--+---+0 I I I I 0 0 0 0 0 I I I I I I I I 0 I 

1.601 c 
--+---~--+----4 0 I I I I 0 0 0 0 ~ I I ~I I I I I 0 I 

1.688 C C,E 

--1------1----+--'-+----4 0 I I I I 0 0 0 0 C)i B ' E I Yo~ I YO I I I 0 I 

1.767 c 
---+----1 o Yo~I I o o o o I I I o o I o I I I o I 

: 1. 872 G,H 
I 

---·-··---------+----1-----,-+----11--------1 Cfi ~ <}f I I 0 0 0 0 I 11-
1 
-------l--+--+-f\11 , G , H ~0 0 I 0 I 0 f6o I 

I 
I 

1.077 A,B A I 
:1.975 C,J J 
I 

----------·+----1-----+--+----l I 0 I I I 0 0 0 0 I 11-
1 
--+---+---rr---t---1 0 0 ~~ 0 I 0 0 0 0 

·I 

1 . 170 E I 2.055 c c 

----------+----+--~+---+----! I 0 I I ~0 0 0 0 I 11----+---+---+- A, E ct1 0 I I {jf I 0 0 0 0 

1.275 E E,F,H 2.267 F ,J F 

····-··----jf----+---+----4 F ,H - I 0 I I 0 CJio ~0 I 11-----+-+----+--r--1 I 0 I I I 0 0 0 0 I 
I 

t(4* = Data and polynomial approximation show that IP I= L 
3* = Data have been renormal ized ( by 10% ) for data and polynomial approximation to sho~ IP:I=l! 
2*: Data are m~ss~ng at the aesth·value wh~re.the polynomial approximation shows that 1~1=1. · 
l* = Data are m1ss1ng at the pl b value (w1th1n 2 of the B76 Plab values) where we belelVe a 

critical point would be oDierved. 

tiThe trajectories are named after their location at p1 b= 1.438 GeV/c (see Fig. 26) and are 
found either inside (I) or outside (O) of the unit ci~cle in thew-plane. 
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