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ABSTRACT 

UCRL-2025° 

Starting from an energy-independent phase-shift 

analysis carried out at 26 momenta between 385 and 

1700 MeV/c, we attempt to find the proper energy 

continuation through these momenta. We compare 

several path-finding schemes which are designed to 

take into consideration both the continuity and the 

smoothness of the partial-wave amplitudes as viewed 
. 

on an Argand diagram. While differing in detail, the 

various methods yield essentially the same results for 

the important partial waves. These results agree in 

general with'paths found by other methods, but contain 

some evidence for additional resonances between 1500 

and 1700 MeV. 
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I. INTRODUCTION 

In a typical energy~independent phase-shift analysis there 

exist many possible solutions at a given energy. The hope is that 

the tremendous ambiguities which result when, each energy is considered 

separately will be reduced or removed by imposing certain theoretical 

assumptions on the behavior of each partial-wave amplitude as a 

function of energy. We assume that each partial-wave amplitude is 

continuous and maintains a certain amount of "smoothness" when plotted 

on an Argand diagram. We investigate several criteria for continuity, 

and in addition impose certain demands for smoothness. We hope that 

these added theoretical assumptions will be enough to enable us to 

select one solution at each energy which will make up the proper energy

continued path. This work is a continuation of earlier work on pion

nucleon scattering carried out at Berkeley.l 

In Section II we discuss briefly the methods used in obtaining 

the energy-.independent phase-shift solutions.. In Section III we 

examine various methods for selecting an energy continuation and 

compare these paths with the one found by Lovelace
2 

using a more 

, complicated method in which continuity is applied through partial-wave 

dispersion relations. 
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II. PION-NuCLEON PHASE-SHIFT ANALYSIS 

An energy-independent phase-shift analysis of pion-nucleon 

1 scattering was carried out at Berkeley several years ago. Solutions 

were found at some 26 momenta from Plab = 385 to Plab = 1700 MeV/C. 

For completeness we shall briefly mention the method used to o-Jtain 

the solutions. 

At each of the 26 momenta initial guesses for the parameters 

TJl ,j,..e and are made. Then by use of a variable-metric 

minimization scheme called ORPHEUS these parameters are varied in an 

attempt to get. a good fit to the data by minimizing 2 
X. • The data 

include the + 
J1 , J1 and charge-exchapge differential cross sections as 

well as the + 
J1 and J1 polarizations. The parameters " and 

are related to the transition matrix in the usual way: 

TI . ..e = [11I ,'·..e, exp(2i 01 . ..e) - 1]/2i 
:,J, ,J, "J, 

where I is the isospin, j the total angular momentum, and f the 

orbital angular moinentum. The analysis includes waves through G waves 

(..e =4) and involves both I = 1/2 and I =3/2. 

The initial guesses for the TJl s andols are obtained by 

one of three methods. One consists of starting with a rather coarse 

survey conducted with a ravine-following minimization method using 

starting points chosen randomly in the general vicinity of the solutions 

published by other groups, and then to use the minima found here as 

initial guesses in ORPHEUS. A second method used to obtain initial 

gueSS€$ is to use the first method to obtain solutions at momenta 
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k 
n:-l 

or k . 
n+l and then to use these as initial guesses at momenta 

~. This method is particularly useful when one is trying to continue 

to kn a path that stops at k 1" The third method consists of n-
simply using solutions obtained by other groups as starting points. 

At each momenta solutions with intolerable "1..
2 are removed. 

In the earlier work done at Berkeley1 solutions that were approximately 

equal were also edited out. In this work, however, we ha.ve included 

all solutions that are not exactly equal. In Table I we list at each 

momentum the degrees of freedom (number of data points), the best 

the worst x.2, and the number of solutions remaining after editing. 

2 
X. , 

We feel it is important when carrying out energy-continu3.tion proc!~dures 

to have many solutions at each energy. We must require, however, that 

the x.2 of each solution remain reasonably good. The X: value .l.lone 

is not a very good way of deciding which solution at each energy is 

the right one. For example, an energy continuation made up of the 

2 -best X. at each energy has very discontinuous and rough behavior and 

hence is unsatisfactory. On· the other hand, a method that imposes 

smoothness while ignoring. X.2 may give a poor fit to the data. T~e 

best method is one that keeps only reasonable 2 X. , but has enough 

solutions at each energy to allow the smoothing program freedom to 

find a· smooth and continuous path • 
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III. ENERGY CONTINUATION 

The problem is to define a procedure by which a computer can 

pick out one solution at each energy in such a way that the resultant 

path is both continuous and smooth when viewed cnan Argand diagram. 

We attempt to find a proper energy continuation through the 26 momenta 

listed in Table I, using a criterion of continuity based on a method 

of "minimal path." We define a ','distance" D. 
1. 

d(.e,j,I,k,i), 

for the path i as 

(1) 

where a path consists of one solution at each momentum k, and where 

.e is the orbital angular momentum, j the total angular momentum, and 

I the isospin. We investigate variOus choices for the function 

d(.e,j ,I,k,'i), the simplest being just the geometric distance between 

two points on the Argand diagram, 

<1o(.e,j,I,k,i) = 1~(.e,j,I)k,i) - I(.e,j,I,k-l,i) I (2) 

where ! is the appropriate partial-wave amplitude (see Fig. 1). The 

proper energy-continued path is assumed to be that path i . m1.n for 

which the "distance" D is minimum. Another definition of "distance" 

we shall investigate is 

~uc 
1 = 

k 

~(~ 
m1.n 

"', 
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In this definition·of distance we are considering the £ , j, and, I 

variables as making up a many-dimensional Euclidian space, whereas 

D~um is just the sum over £, j, and I of each path length 
1 

k max 

) d(£,j,I,k,i), 
k~ mln 

which is the length of a path viewed on an Argand diagram for a given 

.e, j, and I. 

'!'he problem with using just the geometric distance [Eq. (2)J 

for d is that although it does incorporate the idea of continuity 

(i. e., the solution does not change much when the energy is changed 

slightly), it does not produce paths that are smooth. Indeed, the 

computer would select path 1,2,3,4b over path 1,2,3,4a in Fig. 2. 

To correct this we define 

dU,j,r,k,i) = [l/(a + cos Q)] do(£,j,r,k,i), 

where Q is the angle between the vectors 

A = ~(.e,j,r,k-l,i) - T(£,j,r,k-2,i) 
,..., '" 

and 

B = ~(.e,j,r,k,i) - ~(£,j,r,k-l,i), 

and where do(£,j,r,k,i) is defined in Eq. (2) (see Fig. 3). For 

fixed do theparameter a determines the ratio of the distance .d 

in the forward direction Q = 0 to the distance in the backward 

direction Q = 180°. This ratio is (a - l)/(a + 1). For example 
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if a= 1.5 for fixed do the distance d in the backward direction 

is five times that in the forward direction. Figure 4 shows a line of 

constant d(£,j,I,k,i) for a = 1.5. We do not want to bias too much 

in the forward direction, for this would tend to Wash out resonance 

loops. However, by suitably choosing the value of a we can be 

assured the computer will select the path 1,2,3,4a as the "shortest" 

in Fig. 2. We found the best value of a to be a ~ 1.5. 

We also try weighting the function d(£,j,I,k,i) with a factor 

(j + 1/2), however, this tends to force the computer to work hard at 

smoothing the high partial waves at the expense of the smoothness of 

the low partial waves. 

In Figures 5-17 we compare the resultant minimum paths found 

by the follow ing methods: 

Path 

Path 

Path 

Path 

Path 

2 A--We exhibit CERN experimental solution found by Lovelace; 

B--We use DSum and d(£ ,j ,I,k,i) = dO(.e,j,I,k,i); 

C--We use nEue and d(.e,j,I,k,i) = dO (.e , j , I , k, i ) ; 

D--We use DSum and 

d(.£,j,I,k,i) = [1/(1.5 + cos 9)] dO(.e,j,I,k,i); 

Euc 
E--We use D and 

d(£,j,I,k,i) = [1/(1.5 + cos 9)] do(.e,j,r,k,i); 

Euc 
Path F--We use D and 

d(.£,j,I,k,i) = [1/(1.5 + cos 9)] dO(.e,j,r,k,i) 

with a factor (j + 1/2). 

and weight 

We compare our five paths (B,C,D,E,F) with path A, which is the 

path found by Lovelace using a sophisticated smoothing technique. 2 

• 
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We have not bothered to show the G37, G39, F17; G17, and G19 waves, 

since they are not interesting at these energies. In Table II we list 

2 the total . X. I S for each of 'our five paths', where the total number of 

degrees of freedom is 2069. To get the total 11.
2 fora path we add 

the lIs for each solution along the path. We see that the two 

methods D and E, which. use the smoothing function, give better total 

~2.. .. 
A In addition paths D and E are indeed smoother than paths B 

and C, as can be seen by comparing Fig. 5C with Fig. 5E, or Fig. 7B 

with Fig. 7D. 

IIi general our paths, although not as' smooth,agree with 

Lovelace's path. There are, however, several differences between 

Lovelace's path and our paths that are worth noting. Firstly, we are 

better able to exhibit the complicated structure of the Sll wave3 

(Fig. 12). SecondJ,.y, we are unable to produce the same structure 

Lovelace has for the Pll. For reasons not understood all our paths 

have PIl waves that are very messy above Plab = 707 MeV/c (Fig. 13). 

Finally, there appears to be additional resonance-like structure in 

the following waves: 

Partial wave 

P31 

D35 

pi3 

Mass region 

1570-1680 MeV 

1570-1680 MeV 

1470-1680 MeV· 

Figure 

6D 

9F 

14D. 

Whether' this behavior.· actually corresponds to resonances or is just 

caused by inadequacies of our method is a question requiring further 

study. As mentioned earlier, the methods we use require as many 
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solutions with reasonable. x2 
at each energy as earrbe found. Hence, 

the next step in improving our results would be to search for more 

solutions at each energy. Perhaps two or three times as many solutions 

can be found.· It remains to be seen if the resonance-like structure 

in the above partial waves will then persist. 

It is reassuring that a method based on very simple ideas of 

continuity and smoothness can select an energy-continued path that is 

reasonably well behaved. 

" 
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Table I. Number of fits at each momenta. 

,. 
Plab(Mev/c) 

N.umber Degrees 
l 2 of fits of freedom Best . Worst X. 

~ 1 •. 385 1 

2. .427. 3 100 117. 4 

3· . 490 3 90 86.0 

4 .. 532 27 67 77·6 97·0 

5· 614 30 60 64.5 97. 2 

6. 658 33 65 71.9 99.6 

7· 675 37 77 68.5 153·9 

8. 707 56 71 65·0 126·5 

9· 726 48 55 53·8 92.8 

10. 745 57 98 73.4 114.5 

11. 777 30 57 74.4 99·2 

12. 826 43 92 68.7 148.5 

13. 875 41 114 86.5 119.9 

14. 899 72 106 88·7 117·7 

15· 925 60 74 46.6 112.9 

16. 975 80 54 48.9 71.1 

17· 1000 .75 71 46.8 119·5· 

18. 1030 73 54 41.1 110.8 

19. 1080 37 86 52.9 78.9 
... 

20. 1121 56 77 47.8 188.8 

21. 1180 53 100 75.8 158.8 

22. 1280 60 99 73·6 178.2 

Tabler continued next 'page 
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... , 
" 

23. 

24. 

25· 

26. : 

piab(Mev/c) 

i360 

1440 

1579, 

1700' 

Number, Degrees' 
" . of 'fits , ,',of freedom 

" 
0' .. 

80 104 ' ·r 

69 94 

59, 86 

60 118 

.. ' .. 
/' ... 

... ,." 

79.3 

, 99·7 

86.3 

'79.6 ' 

"Worst. l' 
196.5 ' 

179.0 

152 .3 

,179.6 

,.' ,J 

"', 

q 

", 
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List of totalx.2 for our five paths, where the total 

number of data points is 2069. 

Path Total 2 
.x. 

B 2393 

C 2417 

D 2353 

E 2315 

·F 2447 
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FIGURE CAPTIONS 

Fig. 10 Argand diagram illustrating the function dO(.t,j,I,k,i), 

which is just the geometric distance between the two points 

k and k-1. 

Fig. 2. Argand diagram illustrating two possible paths. 

Fig. 3· Argand diagram illustrating the vectors ~ and B and the 
'" 

angle e used in defining the function 

d(£,j,I,k,i) = [1/(1.5 + cos e)J dO. 

Fig. 4. Shows a line of constant d(£,j,I,k,i), where 

d(£,j,I,k,i) = [1/(1.5 + cos e)J da and I~I = dO· 

Fig. 5. Argand diagram of the S31 partial wave. 

Fig. 6 .. Argand diagram of the P3l partial wave. 

Fig. 7. Argand diagram of the P33 partial wave. 

Fig. 8. Argand diagram of the D33 partial wave. 

Fig. 9. Argand diagram of the D35 partial wave. 

Fig. 10. Argand diagram of the F35 partial wave •. 

Fig. ll. Argand diagram of the F37 partial wave. 

Fig. l2. Argand diagram of the Sll partial wave. 

Fig. l3. Argand diagram of the Pll partial wave. 

Fig. 14. Argand diagram of the P13 partial wave. 

Fig. 15. Argand diagram of the D13 partial wave. 

Fig. 16. Argand diagram of the D15 partial wave. 

Fig. 17. Argand diagram of the F15 partial wave. 
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Fig. 1. XBL711-2651 
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Fig. 2. XBl711-2652 



UCRL-20250 

ImT 

ReT 

Fig. 3. X 8 L 7 1.1 - 2 6 5 3 
.. 



·-18- . UCRL-20250 

k-2 A 

Fig. 4. XBL711-2654 
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11 1000 .'0 1672 
i8 10)0 '00 H8S 

l' 1080 .-. 1716 

'A 1121 "0 1118 
, 1 1180 10491769 
2Z '1280 1148 1821 
Zl 1360 1228 18b~ 

.. --------- --------- -- -.--------- -----.------- --- .. ----------------- --- ----------.. ---------.- ----- - .. 

r. 

\ 

+. 

+ 
1 
1 
1 
1 
1 

·1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
I. 
1 
1 
1 
1 

........ 

• + 

24 . }(tltO 1301 1'101 
ZS 1519 1",46 1%8 ,. 1100156062025 

AA 01 02 

BOONE 31 OIST-OO/H.S.COS' EUC Wr-J+l12 
10 JAf\! 11 

PlOTS TO FIJ Itl-Hl 
"LEAST TOTAL OIST 

••• 511 ••• 

P 1 M 
01 3.' 110 U~2 
0' ." 310 lUo 
03 "0 370 1362 
O~ 53' 410 ')90 
05 .1- 4QO 144) 
O. .5. S31 1410 
01 .,. 0;0;0 1481 
O. '0' S81 1501 
0_ ". ,600 .'11 
10 ,., 618 1524 
11 '" c,'.SO 1543 
12 a,. 698·1'72 
13 ;7. 14tb 1001 
14 ••• 170 1 "'15 

I' 0" 196 1629 
1. 91'\· 845 16,13 
17 1000 870 16072 
1M 1030 900 1688 

l' 1080 949 tna 
2. 11ll 990·1 U8 
Zl 1180 1049 1169 

- - - - -- - - - -- - -- - - ----- - -- --- +- - ----- -- --- -- -- - ---- -- -- -- - -- - -- -- - - --- - -- --- - --+ 22 12!10 1148 1821 
Z3 nbO 1228 1862 
2_ 1440 1301 1901 
Z5 15019 1446 1968 
Zb 1700 1566 2025 

XBL711-2709 

Fig. 5E,F 



.. 

4 

I 
I 
I 
I' 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
1 
I 
I 
I 
I 

,I 

-22- UCRL-20250 
CERN PIOf'4-NIJCLEON ElP(H"lMENTAL FITS. 

fRO'" HElDEL.8ERG. 9/61. 
OHIGIN At" 80TTO"." SCAL.E-I.t! 

••• P'l 

P T • 
01 eo 21 1096 
02 98 ]I 110-
03 lOe H 1109 
00 115 01 1113 
05 140 SB 1121 
0' 19Z 98 1160 
01 21' 120 1178 
08 Z31 130 1186 
O. 241 14> IUS 
10 255 151 1202 
II 211 1'5 1213 
12 276 110 1217 
Il 291 18' 1231 
U 3.3 1" illS 
15 121 210 12" 
10 328 211 12.2 
11 III 220 1255 
18 331 225 125t 
19 3'1 241 1215 
20 38> 210 1292 
21 421 )10 1320 

...... -_ ........... _ ............. __ ..... --_.............. ---_ ....... ------------.----........ _---------................ _--_ ..... _---... --- .. --_ ..... --... -.. . zz ••• 310 1l0l 
23 5)2 '10 139ft 

B. 

1 
I 
1 
1 
I 
I 

.1 
1 
1 
I 
1 
1 
I 
1 
1 
I 
1 
1 
I 
I 
I 

tJJ 1 
.... H 1 
r? I 

'US I 
.~4 I 

23 • 1 
. 22 .21 1 

'ZOGG'" 1 
13(£ooCC88.'" 

I 
1 
1 
1 
1 
1 
1 
1 
1 
I 
'I 
I 
I 

+ + 
+ + 

". 24 S13 45. 1411 
n 'I' "0 IUl 
2' OS8 533 1410 
21 615 "0 1481 
U 1.1 581 15.1 
Z9 llO 'DO !Su, 
J. 141 '18 lSU 
31 ln '50 15.] 
31 ez, "8 IS72 
3J 115 ,., 1601 ,. '00 n5 1617 
]5 .,5 19. 1629 
J. '15 80S 1658. 
11 1000 810 UJl . ,. 1030 '00 1·61!UI 

• B8 04 O~ ,. 108. 9 •• '1110 '. un .'0 1711 
CC O. 01 '1 11eo 1049 176' 

00 08 O. 10 
,4Z 1280 1148 1821 ., U60 "1228 1862 

•• I". 1311 191)3 
EE II I' 05 1505 1312 19]] 

•• 1519 1446 19" 
" 10 15 16 11 4' 1100 1566 20n 

•• 1180 1146 2107 
GO 18 l' •• 2010 187S 2161 

50 2010 1935 2189 
HH ze 29 10 

'JJ ]1 ]2 ,U 01 02 OJ 

Kk J5 16 

ROONE H Dln-oo SU" ~T·1 
., JAN 11 

PLOTS TO FIT 17-lli 
LEAST TOTAl 01 ST 

••• PH ••• 

P f • 
01 , .. 210 lZQ2 
02 • ,1 310 1)20 
03' •• 0 310 1362 
O. 532 410 1)90 

"' .14 ~qO 1443 
O. .5. 533 1410 
01 ." 5S0 1~81 
o. 101 ,.1 1501 
O. ". 600 .513 
10 14. b18 15241-
II 71' 050 1543 
12 • 2. 0' • 1512 
13 ." ," 1«:.°1 .. ••• 110 1«:.15 
15 925 796· 1629 
1. ." 845 1658 
1', rooo 870 1612 .. 1010 900 1688 
,19 1080 9~9 1116· 
20 1121 Q9Q 11)8 
21 lUO 1049 1769 

+-- -- -- --- -- ------- - -- --- - - ----- -- --- -----------. -- -- ------------ ---- ----------- ... -------- --- ------+ 22 1280 11411 1821 
1360 lll8 1162 

• + 0 

I 
1 
I , 
I 
I 
I 

" I 
I 
I , , 
1 
1 
1 
I 
I 
I 
I , 
I 
I 

Fig. 6A,B 
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" 24 1440 1 ~07 1901 
2S 1570;1 1~46 1968 
2. 1700 1566 2025 
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-23- clS,-e" ,u·c .,}JCRL-20250 
.8 JAN 71 

PleTS Te FIT 17-H 
UAST ,TOTAL 015T 

••• PH ••• 

P T O. ... 270 
0> 02' 310 
"3 ... 0 HO ,. 

'31 '10 0' ' .. ... 
0b b'. '" 07 .,. 550 '. 1C' HI 
O' HO 000 

'0 74! U. 
II 111 t!O 
12 .,. b'. 
13 .15 14b .' ••• ne 
I' '2' 190 
'0 91' ••• ., . .,((' 010 

• 
121'12 
1320 
1 )62 
1390 
14") 
1470 
1481 
Isel 
1513 
1524 
1'54) 
1512 
16C.l 
161~ 

1629 
1658 
1612 

•• 1030 900 1688 ... ICfe . .. 1116 
20 1121 990 1138 
2. 1180 1049 1769 
21 UEIC nits 1821 
13 BloC 1228 1862 

.. -- --- -- -- ---- -- -- - -- - - - -- -- - -- - - -- - -- ---- - - -- --+ -- --- --- -- - -- - -- -- -- -- ----- - ---- - ------ ----------+ 

t. 

.------------..;~ ..... --- ---2 

'. + ••• 
1 
1 
1 
1 
1 .. 
1 

• 1 
1 
1 
I 
1 
1 

• • I 
1 

• 1 
1 

• • 1 
1 
1 
1 

·1 
I 

2' 1440 1107 1901 
25 15}'J 1446 1968 
2b UCe' 1~66 2021S 

AA {It ()2 

AB 10 .11 

800NE 31 OlST-OO/(l.5+COSI SUM WT-l 
6 JAN·ll 

'PLOT S TO FIT 7-~t 

leAST TOTAL DIST 

• •• PH ... . T • 
01 38' 110 1292 
02 .27 310 1320 
03 •• 0 no 1)62 
o. 532 410 1390 

o' b" '.0 144] 

00 b'. ,n 1470 
01 b7' »0 "1481 
08 707 '8' 1501 
O' 72b bOO 1511 
10 h, 0.8 1524 
II 71' 0'0 15,,-) 
.2 • 20 b' • 1512 
.3 . ,, " . 1601 .. • •• 770 1615 .. . " 1 •• 1629 
,b 97, ... 1658 
11 1000 8'0 1612 
I. 1030 '00 1688 .. L080 • •• 1116 
20 1111 ••• 1738 
21 1180 100\'9 176" 

... ------ ----- ----- -- --- +- ---------_ ... -- --- -------_ ... -_ ...... -- --- -- --... --- -_ ... --+ l2 1260 1148 1A21 

Fig. 6C,D 
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H 
l5 
Z6 

AA 01 o~ 

88 10 11 

1360 1228 
1""0 1301 
1519 1446 
1700 15b6 

XBL 711-2705 

HJ62 
1901 
1Q68 
7025 
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-24- UCRL"':20250 
BULfo!E 31 01$r:OO/11.';+(.U$1 

q J6,N 1i 
EUC wT"1 

PlLJrs TU fiT 1-~1 

LEAST TOTAL '01 Sf 

••• .,31' ••• 

p r • 
0' , .. 270 '129(' 
02 '27 ,,0 1120 
0, ,90 310 1362 
0_ ,,, 410 1390 
O. b,_ ,.0 1441 
o. 658 Sl' 1470 
07 ,n "0 141H 
O. 707 ,., 1501 

O' "b bOO un 
_'0 '" b'" ISH 
11 177 b'O 154,3 

'2 '2b b'. 151l 
13 07. lOb '1601 

" fi9q 770 161') 

'" 9" "b 1629 
'b 97' ... 1658 
,7 1000 810 Lbn 

'8 1030 .00 1688 ,. 1080 ... 1110 
'0 1121 990 1738 

2' 111:!.O l04 Q 1169 
- __ - __ - __ - ___ - _____ -- - to-- -- --- -- _ -- -- - - - - - - - - --- -- - --- --- ---- - - - - - --- ___ + 22 1280 IHtI lI2t , , , , 

I , 
I 

" , 
I , 
" I 
I 
I 
I 
I 
t 
I 
I 
I 
I 
I 
I 
I 
I 
t 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
t 
I 
I 
I 
I 
I 
t 
I 
I 
I 
I 
I 
I 
I 
I 
I 

,I 
I 
I 
I 

23 ,. 
25 
2. 

U 01 02 

88 10 11 

CC 09 12 

1)0 13 20 

lHO 1228 1862 
14,,0 1301 1901 
1 '519 H4b 19btl 
17L)O 1506 Z02!> 

I:H.kJNE H Olsr-OQ/fl.5..cOSJ EIJC whJ+l/l 
10 JAN 11 

PLOTS TO FIT 'H-Hl 
LUsr TOTAL 01 ST 

••• P31 .... . T 
01 )0' 210 1292 
02 .,' HO 1)(,0 
0' "0 )10 1362 

O' '32 410 1390 
0' b" 490 1"1It) 
Ob 658. S3' U70 
07 b" S50 1481 

O' 707 .81 1501 
09 PO 600 1513 
10 h. U" 1524 
11 177 650 1543 
12 .,. 698 1572 

" .,. 1"6 1601 
I' ••• 710 IbU ,; ." 796 1629 
lb ." 8.~ 1658 
17 1000 810 ·1612 

," 1030 QOO 1688 ,. 10':10 Q41f 1 JUt 
20 1121 IfQO 1138 
21 1180 104'9 1769 

- -- - - - - - - ---- ---- --- --+- ----- --- - -- .. - -- -- - ---- -- -- ---- ----- -- - -:.. --":" --_ .. + " 1280 1148 1821 

" 1361) 1228 1862 
24 14,4,0 1307 1'901 
25 1519 1446 1968 
2b l1CO Ubb 20B 

.u 01 02 

liS 10 11 18 

CC 0'9 12 

f' , .(,~ 
to ••• XBL 711- 2706 

Fig. 6E,F 
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Fig. 7A,B 

UCRL-20250 
eER,., PION-Nt,lCLlON EIlDERIM(NTAL FITS. 

FRO'" "£lDfL,BEAG, 9/67. 
ORIGIN AT BOTTOM SCALE_I.O 

•• 0 P33 ••• 

p T . 
01 .0 Zl 1096 
02 ve 11 1104 
·.1 loe IT 1109 
00 115 U 1111 
OS 100 5. 1121 
O. IV2 v. 1160 
07 21V 120 1178 
08 2]1 Ilo 1186 
ov 205 1<2 1195 
10 255 151 12()2 
II 27\ 1.5 1211 
12 n. \70 UI1 
11 2V7 IBV Ull 
10 101 I" 123S 
15 121 210 1248 
I- 328 2\7 125Z 
IT 111 Z20 1255 
10 ll7 22S 1259 
I- 1'1 207 1215 
20 '.5 270 1292 
21 ou 31. 1320 
lZ 0'0 lTo 1162 
23 532 0\0 1l9n .. 57] oS. 1411 
25 >10 OV. 1.4) 
2' ' 658 511 UfO 
27 615 550 10'-81 
2ft 707 581 1501 
2_ 120 00. 1512 
30 105 018 1524 
l\ 111 .5. 154) 
12 8,_ .698 1572 
13 8n "0 l6U 
30 9 •• ns 1617 
35 '25 10. 1629 
3. 91S ..5 \658 
31 1000 810 1672 
)8 1030 900 1688 
.V 1080 •• 9 1116 
00 1121 .90 1138 
41 1180 1049 1769 
02 1280 IhB IB21 
41 1360 1228 1862 

•• 14 •• 111\ 1903 
'S \505 1312 1'33 •• 1519 14.6 1968 
41 \100 1566 2arS 

•• 18&0 1746 2107 ., ZOlo 1815 216) 
50 2010 1915 21M 

.. l8 40 

.,rJUfI,IE 31 OIST-DO SU~ WT-t 

. + 

.+ 

1 JAN 11 

P.lUTS TO Ftr 17-lH 
l£:ASf rOTAl III Sf 

••• P33 .... 

P T • 
01 385 270 1292 
02 427 no 1320 
03 •• 0 370 1362 
O. 532 ltl0 1390 
05 01' ft90 1443 
0. bS. 513 14'0 
01 on 550 1~81 
08 101 581 1S01 
O. fl' baa IS13 
10 1.- bIB 1524 
II 111 b50 1543 
12 8tb .'8 IS12 
Il 815 "0 IbOl .. 800 770 1615 
15 9" 196 1629 

l' ens· 845 IbS8 
11 1000 810 1672 
I. 1030 900 1 b86 
10 10dO ... l7lt:. 
20 1121 900 1738 
21 1160 1049 I1bljl 
22 1280 1148 1821 

" 13bO 1228 1862 
2" 1440 1301 1901 
25 1519 144b 19&8 
2. 1100 1566 2025 

AA Oq 10 

BB 12 13 14 

XBL711-2701 
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c. 

Pncr~' 31 III 51 ,,[)' f'fC ... T: 1 
UCRL-2025° 

H JAN 7! 

PLOTS 1'.1 FIT 11-11-' 
LfA'51 Tel Al UI Sf 

••• p ~ ~ ••• 

p T 
~. 1 ,,, 270 
02 _11 '31':' 
0' 4q-: ~7C ,. S ~2 '10 
0' bI' 

,., 
ct- f-!E !B 
"7 67<; ~I5C 

('8 101 '81 
~~ ". .oe 
10 71,13 H' 
11 111 b5,) 

" 8" ••• 
13 el'i ". 
" , .. no 

" . " , .. 
Ib 91S . ., 
11 II)GG 810 
18 10 ~(' c;ec ,. l'1fV ... 
lI:' 1121 "0 
21 118e lC",q 

• 
12':)2 
132., 
1HZ 
13"·) 
1443 
1410 
Hfl 
1511 
1511 
1~2. 
15 ... ' 
1'5.12 
161'7 L 
HI'S 
lb2~ 

16'38 
Ibn 
U!!! 
11ib 
L "]8 
llcq 

22 12A" 1 14.8 1821 
186Z 

-- -- --- ---- --- ----_ ...... ---- ---- -_ .. ------ ----- --- --. ---- ----------"-- --- --------- ---- -- ----- ----------. 
" 136r; 1228 
2' 14.4( 1 ~I) 1 UCl 
2'5 l'SlQ 11046 1968 
U llee }"56b 2025 

AA (.<"1 1 .... 

12 I! 

.. , 

. +" + • + eOONE:n DIST-OO/(1.'.COSI SUII4 WT-l 
1 b JAN 71 
1 
1 PLOTS Te F (T 1-~1 

1 LEAST TOTAL DJ ST 

1 

8. 
1 .. 1 
I 

••• P]l ••• 

p T " 1 01 3" 210 1292 
1 02 4" 310 1120 
1 03 4'0 310 1162 
1 04 S32 410 ·1)90 
1 OS ." "0 144) 

I o. ..8 533 1~70 

1 01 ." "0 H8l 
1 O. 101 S81 lSOl 
1 o. 720 .00 1511 
1 10 145 .,. IHIt 

1 11 n1 .50 IS4) 

1 12 .2. • •• 1512· 

1 l3 815 ,.. 1bOl 
1 I' a •• 710 1b15 
I " ." ,.. uzq 
1 1. 91' 845· 1658. 
1 11 1000 810 Ib12 
I 18 1030 .00 1t188 
1 l' lOBO .,. 17lb 
I 20 1121 "0 1738 

1 21 litlO 104Q 17bq 

... -------... -- ---------_ ... ---------------------------+- --------------------------- --_ ...... --_ ...... --- --------. 22 12BO 114" 1821 
1 
I 
1 
1 
I 
I 
I 
I 
I 
1 

23 
24 
15 
2. 

I A/.. Oq 10 

1 
t tiB 12 13 

> 
1 

.1 
I 
1 
1 
1 
I 
1 
I 

XBL 711-2702 

Fig. 7C,D 

13,1;,0 1228 1862 
1.440 1307 1901 
151q 1446 19608 
1100 156b 2025 
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I 
I 
I 
I 
I .. 1 

• I 
i 
• '. 1 

SOQfllt 31 ill ,r"OO/I laS+COS' 
r,I JAN 71 

'uC US(:!}L-20250 

PLOTS TO FIT 7-NI 
lEo.ST TOTAL fllST 

••• P31 ••• 

• • 
01 3.' 210 1292 
02 '21 HO 1320 
03 "0 3TO 1362 
O. 532 410 13'0'0 
O' 6" 490 1~41 
06 6'. .33 1"'10 
01 61. 550 1481 
08 101 "1 1501 
O. ". boa 151) 
10 H' 618 1524 
11 111 650 IS"'}' 
12 .2· 0."'8 lS1l 

" 13 81. 1lt6 1601 . ' ••• 710 UtlS 
15 0" 196 1629 
1. ." 845 16'58 
11 1000 870 1612" .S 1030 900 1 btsS 

l' lO~O ••• 1116 
20 1121 •• 0 1718 
21 11 110 1\)49 1764 
22 lZElO 1148 1821 

" BoO 1228 1862 
--- --- -- --- --- - --------~-------------.. -------- ---. ------------------ -- ------------- --------- ------ - .. 

.. + + • 
. . . . . 

P. . , 

'. 

I 
1 
1 

• 1 
1 
I 
I 

• 1 
,I 

1 

• 

~ " 

,. 1440 1301 IIJOI 
25 1;1'4 1't4b 1968 

2' 1700 1 )ob 2025 

ltOUNE 31 015'-00/'1.5,-(;05 I EUC IIH-J+1/2 
10 JA~.71 

PLoTS TO FIT Itl-HZ 
LEAST TOT.Al DIST, 

••• P3} ••• 

p T • 
01 ,85 210 1292 
02 ,,, 310 132'0 
O. •• 0 no 1362 
o. .32 ..0 1390 
O. ... ..0 14"] 
O. 05. .33 1470 
01 ." SSO 1_81 
08 101 5.1 ISOl 
O' ". .00 1'511 
10 14' 01. 1'524 
II 111 .50 lS"] 
• 2 ... ••• 1572 
13 ." 14. 1601 .. ••• 110 loU 
15 .,. 19. 1629 
1. ." 8"S 1658 
11 1000 610 1672 
18 1030 900 1688 
l' 1080 9"9 171b 
20 1121 990 I nil 
21 ll~O 10".9 1169 

-------------- -----------------------------------.. ------------------------------- ------------------+ 22 1280 IH8 1821 
2l 1360 1228 llb2 ,. 1 .... 0 1301 1901 

" 25 1519 1_"6 1968 

" 1700 15606 2025 

AA 09 10 

, + 

XBL711-2703 

Fig. 7E,F 
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-28-

••• Oll 

01 
oZ 
0] 

a-
.5 
06 
Of 
08 
o. 
10 
II 
IZ 
.13 
I' 
IS 
10 
11 
10 
U 
ZO 
ZI 

p T • aD II 1096 
9B 1I 110. 

108 J1 111)9 
115 '1 III] 
Uo 58 Ill? 
In 08 1160 
ZI9 IZO 1178 
231 130 118'" 
h5 I'l 1195 
155 lSI 1202 
ZlI lOS 1113 
1'6 "110 1211 
zn 10' Il31 
303 I" 12]5 
lZI ZlO 1248 
318 21' lZ52 
331 ZIO 1255 
ll' 125 1259 
361 241 un 
385 1'0 1"i2 
.n 1I0 1310 

zz "0 310 136l 
532 

.-.. --.. ---.. -------..... ----------------------~------... --.~--.... ---- .. -.. --- .. ------- .. -... --.... -... -... -.. -.. -- ... -.. --... 

.. 
o o' 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I. 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

88 25 26 Z7 

CC 28 29 

DO 36 31 

13 
I. 
ZS 
U 
n 
28 
Z9 
30 
31 
32 
3l 
3. 
35 
36 
31 
38 
39 
'0 
'1 
'Z 
u 
•• 
'5 
'0 ., 
•• •• 50 

513 
614 
0" 
615 
'0' 
'Z6 
145 

'" 8Z0 
0" 
90' 
9n 
975 

lOU 
10)0 
1080 
IIZ\ 
H80 
1210 
1300 
1444 
15.5 
1519 
1100 
\8 •• 
ZOU 
201. 

'10 1390 
.50 1411 
.00 IH) 
S13 1410 
550 1481 
581 1501 
600 1511 
618 1524 
oso 154] 
6'8 1511 
"0 1601 
115 1611 
196 1629 
.. 5 lose .,. 1612 
'00 1688 
••• 1116 
.00 1118 

1049 1169 
th8 1821 
1228 1862 
11I1 1903 
111Z 19]3 
1446 1968 
1566 l025 
Ih6 2107 
1815 116) 
19)5 2189 

[t 42 .. ) 44 .5 

A' 01 02 01 •• 05 
06 07 O. 09 • 

800N€ 31 Din_DO SUit .'-1 
., JA"" 71 

PLOTS TO FIT l.,-lH 
LEAST TOTAl 01 ST 

••• 033 ••• 

P T . 
01 ... 270 12~2 
02 021 HO 1320 
0' "0 310 1 ]62 
00 532 410 1390 
O' 0" .90 14.1t3 
Ob b'. 513 147O 
01 0" 5'50 1481 
a. lal 581 1'01 
a. 12. 600 1'511 
10 H5 618 1524 
II 111 b'5a U4) 
12 82. b98 1572 
n ." .146 1601 
14 ••• 770 16U 

I' 025 196 162'1 
16 ." 84S USB 
11 1000 810 1672 
18 1030 900 1688 
I' 1080 94" 17160 
20 Ull '190 173' 
21 1180 1049 1769 

'2 Udl) 1148 1821 
2' 11bO 122B 1862 

... -.. ----------------- ---- ---- ---- ------ ---_.- ---.----- --- -------- -- -. -------- ---------------------. 
I • 

zo· 14"0 1307 1901 
zs 1S1Q 14046 1968 ,. 11.00 1 '566 202S 

AA 01 03 

tiS 0& 01 

(C 14 15 

OU U l'i 

H to 23 

XBL711-2698 

Fig. 8A,B 
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-29- UCRL-20250 
PJ'IJ"'l ~l f)IST~n'l file IIT:1 

C" 

" 

+, 

+ -:..--"--- -- -- --- ------ -- - --- ---- ---. -- ~ ---- -- - --- --. -:-- -"------ -- - - - -- - ------ ---- -- - -- -- -- - -- .------. -. 

. 

.. . 

P JAN 11 

PLCTS Tr FIT 17-iI
lEAST TOTAL "01 5T 

••• 033 ••• 

'Jl 385 270 

0' ItZ" He 
" 40' ?7J 
o. S:!2 .,C 
;;~ bl' " ... c 
:.!t- b" 533 
01 6T~ ~50 

~, e 101 ~ el 
c. 126 6CJ 
Ie 745 H. 
II 111 eO)") 

12 ". bO' 
13 ." 74b 

'" '"0 17, 
I' ." Nb 
It ql~ p.c,~ 

11 1'))1 87J .. 1.')3 ') <HlO 
I. l"f r .. , 
2< 1121 •• 0 
<l 1181" I Cite; 
22 128C li4e 

" l)b- 1228 
24 tHe 1 :!C1 
25 1';7C; 1446 
2b l1ee l'5M 

A. c, o. .. Db cl 

CC I" I. 

DO n " 

. 
1292 
132'" 
1'361 
1190 
H43 
lttlO 
1481 
15Cl 
1513 
1524 u., 
1572 
'lblJl 
IUS 
1629 
16~8 
1612 
1688 
1116 
1138 
1169 
1821 
1862 
1901 
l'ib8 
21)25 

BOONE 31 015T-OO/ll.5.C051 SUM WT_l 
b JAN n 

'D. 

. 

. 
.-------_ ... ---------------------------------------+------------------------------------------------+ 

, ( , 

+" .• 

( 

( 
( 

( 
( 
( 

( 
( 

( 
(, 
( 
( 

I 
( 

( 

( 

( 
( 

( 
( 
(, 

. .' 

PLOTS TO F tT l-NI 
LEAST TOTAL 01 ST 

• •• OJ, ••• 

• T 
01 385 210 
02 ." HD 
0' '.0 310 
O. 5'2 .10 
05 _I' .. 0 
0_ -" 53' 
01 01, .. 0 
00 101 ,0\ 
o. '2. _DO 
\0 14, _\e 
1I 111 .50 
12 026 ••• 
\3 '" .. -\. 0 •• 110 
\5' '25 10-
\- '15 8" 
11 1.000 810 
18 10)0 .00 
\Q 1080 ••• 
20 lUI "0 
2\ 1180 \04Q 
22 1280 llCt~ 

23 llbO 1228 
24 14140 n07 
25 1519 Hft.6 
2_ .1100 1566 

loA 01 01. 

es 06 07 

C(' OS 14 

+ • + + 
•• XBL7I1-2699 

Fig. 8C,D 

" 1292 
1320 
1362 
1)90 
1443 
1410 
14111 
l§Ol 
un 
1524 
154) 
1512 
1601 
161S 
1629 
1.658 
1672 
1688 
l1U 
17)8 
1169 
t8ll 
1862 
IIJOI 
1968 
2025 



-30- UCRL-2025° 
+ ••• + BOONE 31 IlIST-OOJtl.hcaSI Eue wT-l 
I ,+ • • • 9 JAN 11 
/ 
/ 
/ 
/ 

~ / 
/ 
/ 
/ 
/. 
/. 

.. 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
I 
1 
1 
1 
1 
1 
1 
1 

PL'O'S TO Fir '-1111 
LEAST TQTAl OIST 

••• 013 ••• 

p T • 
01 3.' 1"0 129,( 
02 421 310 1)20 
03 .00 310 lJ62 
O. 5ll "0 1390 

0' 
.,, 490 1443 

O' '5O 511 1410 
OT • n 550' 148 • 
OB TOT Sal ISOI 
O' '2. bOO 1513 
'0 14' 618 .524 
11 77T b5C 15<t! 
12 '2' 698 IS1, 
13 oH 7lt6 1601 .. ••• 770 1615 
15 '2' 796 1029 
16 .,. d45 1658 
17 1000 810 1612 
IS 10)0 9aa 1688 
I' 1080 949 1716 
20 llZI 990 1138 

• I +---,;.----------------------------------------... ---+--------------------------_ ... _-------------------+ 
21 1180 104' 1769 
22 1280 1148 1821 

.. 
•• 

.. 
I 
1 
1 
1 
I 
I 
I 
1 
1 
I 
I 
1 
1 
I ., 
I 
1 

23 1360 
H 1440 
25 1S7~ ,. 1100 

,U, 04 as 06 

88 13 14 15 

tC 11 16 

00 22 23 260 

1228 1862 
1301 1901 
1446 1 Qb8 
1561> l025 

8ou .. e )1 01 n-OO/t 1.S+(OSt EUC WfaJ+1/2 
10 JAN n 

PlOTS Ttl FIT 41-HI 
l(AST TUrAl DIST 

••• DJ1···· 

P T " 01 38S 270 1292 
·02 '27 no 1120 
03 "0 no Ilft2 
O. S12 "10 1190 
OS '14 4"0 14.,3 
O' ••• 5)] 1 .. 10 
07 ." SSO 1481 
08 T07 S81 1501 
o. U. bOO 1511 
10 ,., 618 lU4 
II 77·1 b50 154] 
12 B" b'98 1512 
13 87' 746 lbOl .,. B" no loU 
I' '2> 796 1619 
I. .75 845 1658 
17 1000 810 IbTl 
IB 10]0 900 1688 
I' 1080 9 .. ' 1116 
20 1121 9'90 11]8 . . 

+ --- --- -------- --:,;._ ...... -- ----- -_ ... --_ ...... ------ ------ ---+ -----------------"-------------------------_ ... -- ---+ 
21 1180 104Q 1169 

1148 1821 
I 
I 
1 
1 
1 
1 
I 
1 
1 
I 
1 
I 
I 
1 
1 
1 
1 
1 
I 
I 
1 
1 
1 
I , 

r, + 

Fig. 8E,F 

22 
21 ,. 
2' ,. 

A' 01 03 

tstt Db 07 

1280 
1160 
14ltO 
1519 
1700 

CC 13 14 IS 

XBL 711- 2 700 

1228 1"2 
1)01 1901 
lct46 196' 
1566 20n 

.. 



., 

-31- UCRL-20250 
CERN PI0~-NL.JCL.€OH EXPERIMENTAL. FITS. 

FROM 11E1D£LBEAG, "'9/6". 
ORJGIN AT BoTTOM SCAL.E_I.II 

OlS 
A. 

p T • 
01 80 21 10'6 
OZ •• 11 110. 
03 10. 11 1109 

. O. I1S _I IIIl 
OS 1_0 58 11 Z1 
0_ 19Z 98-11600 
OT 21' Un 1118 
08 ZlI UO 1186 
O. hS 1_2. 1195 
10 US 151 1'02 
11 211 165 1213 
12 216 110 1211 
13 Z91 1S9 Illl 
1_ 101 19_ 1235 
IS l21 210 1249 
16 128 211 1252 
11 331 210 1255 
18 33T US US. 
19 161 247 127" 
20 lOS 210 12'2 
21 _,1 310 1320 .------.. ----.......... -- .. ------.... -.... -- .. -.. -... ---... ------~- ... -.. -...... ----------------_ ....... __ ..... _---_ ...... --_ ....... _ ........ ZZ -'0 110 1362 

B. 

..... 
.. 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

2l ", .'Q 1390 
h 513 450 141" 
Z5 "614 "0 1443 ,_ _58 53) 141'0 
Z1 615 ·550 1481 
lA 101 581 1501 
ZO 1 .. bOO .1512 
10 '45 618 1524 
11 '" 650 1543 
32 826 698 1572 
II 015 146 1601 
14 '.- ns 161T 
35 925 796 1629 
16 915 845 1658 
11 1000 870 1672 
10 103. 900 1688 
19 1080 949 1716 
-0 1121 990 1738 
-I 1180 1049" 1169 
_Z IZOO U48 lUI 

88 18 l' ZO U 22 
II 
CC Z. ZS 2_ Z? ZI 
ZO 30 31 lZ 
00 3. 3S 

43 1]60 1228 1862 

-- .4 .. 1111 1'03 
_5 lhs 1112 19)] 

-- 1579 1 •• ' 1'" ., 1100 1566 2025 _. 
1880 1146 Z101 

[[ 1_ 17 ]8 ]9 -. Z010 lS7S 2161 
SO 2010 1935 2189 

" _0 _I 

,U 1)1 02 03 04 05 
<t6 OJ 08 09 • 

6uIJNE 31 Ol!.'-OO SUM IIIT-L 
7 .JAN 11 

'LOTS TO F If l1-U-I 
LEAST TOTAL OIH 

••• 035 ••• 

p • 
01 ,.5 210 1292 
02 ." 310 1320 
03 .. 0 310 1362 
0_ 532 410 1,)90 
OS ." 490 144] 
o. ••• 533 1470 
01 bTO 550 1481 
o. 101 581 1'01 
O. 12. 600 1513 
10 70S 618 1524 
11 1" 650 1543 
12 82b b98 1572 
l' ." 746 1601 
I_ ••• lTD 1615 .. 

I' 925 796 1629 
1. ." 845 1658 
11 1000 87a 1612 
18 1030 90d 16f18 
l' 1080 q49 1716 
,0 U21 990 1738 
21 1180 1049 1769 

t - ~--:..---------- •• ---:---- ---- --- -------- -- ------ ---+-----------.:..------------- -------~-------- -- ------+ 22 1280 1148 1821 

" 13&0 1228 1862 .. 1440 nOT 1901 ,. IS79 1446 1968 
2 • troD 1566 2025 

.. 01 03 

s. ", 01 

tC 0: OS o. 10 

ou O. 12 11 

" 14 21 

H '0 23 

XBL 711: 2695 

Fig. 9A,B 



c. 

D. 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I, 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

.. + .... + 
I 
I 
I 
I 
I 
I 
1 
I 
I 
1 

'I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
1 

-32- UCRL-20250 
eCO.L H nISY-C) Eue WT"'l 

" 

8 JAf.. 71 

PLCTS T(1 FIT 17-H 
LEASt lC'TAt. fllST 

P' 

" '"' 21' 
"Z 'Z7 310 
(~ "',,-:. "0 
r .• '" 410 
'J~ .. ' .4Qo 
J. 6~q ~33 
('7 b7, ,,, 
o. le7 '!:El 
c. 12' '00 
10 "5 .,8 
11 '" t ~c 
IZ ". •• 8 

" '" 14. 

" 899 770 

" q2~ , .. 
lb ~ 7~ P;4~ 

11 10('i" DC 
lR 1:)11" 'no 
I. leer <4. 
zc 1121 99< 
Zl 118( 1 C-49 
?Z IZH 114!! 
Zl 1'30- 1?l13 ,. 144:- 1'307 
Z5 157<; 1"'41-
Z. 171'( 1 ~o6 

AA 01 "3 
.0 FI) r'7 

« OZ r. (,. l' 

or) 12 .., 
Ec Zr. " 

" 1292 
1321) 
13b2 
1390 
14·H 
1410 
Hal 
l'jel 
IS 11 
1524 
1543 
lS12 
Ibn 
HIS 
1~29 

IbSA 
Ibn 
It-se 
l71b 
1138 
1769 
1821 
lRt2 
Ph)l 
!'Wee 
2025 

WONe 31 0IST-OO/. 1.~HCOSI SUM WT-' 
o JAN 71 

PLOOf S TO fl T l-NI 
LEAST TOUl"OIST 

••• 035 ••• 

P , • 
01 n' 270 1292 
.2 ." HO i32a 
03 '00 no 13bZ 
O' "Z toiO. 1390 

,05 b" " .. l't"] o. ... '" hl0 
01 .75 "0 14!11 
08 107 581 1501 
00 72. bOO 1513 
10 '45 .18 1524 
11 171 .50 15it3 
12 826 6.0 157Z" 
13 • 15 14 • 1601 .. 89 • 710 1615 
15 ~25 79. 1629 

•• 9'5 : •• 5 1658 
17 .000 870 lbll 
'8 10)0 .00 USI! 
,9 lafW ••• 1110 
20 1I2t .90 173a 
21 liRa 10,,"9 l1bCJ .. ---------'---------------------------_ ... --_ ... _-----.-------_ ...... _--------------------------------------. 22 1280 1148 11,21 

'. '. 

f 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

3 
Fig. 9C,D 

21 
H 
2> 
'Z6 

AA 01 0) 

•• OS 01 

CC 02 08 

00 O' 12 

E( 13 \4 

ff .- 21 

•• •• 22 

XBL711-2696 

13bO 1228 186l 
1 ... 0 lJOl 1901 
1579 1440 1968 
1700 t;b6 202S 

09 ll) 

'.---



E. 

., 

+ + , , , , , 
I , , , , , , , 
I , 
1 
1 
1 
1 
1 
1 
I , , 
I
I 
I 
1 

-33-
BOONE )l DISl-OOII1.5+CDS. 

9 JAN 11 

UCRL-2025° 
euc ",,-·1 

PLOTS TO FIT 7-HI 
LEAST TOTAL DIST 

••• "03'; ••• 

p , • 

01 385 210 1292 
02 421 3101120 
0] 490 }70 1362 
04 532 UO 1390 
00; ollt 490 1441 
06 bSS 533 1410 
07 615 550 1481 
08 101 5~1 1501 
09 7Zo boa 1 S 1, 
10 7"'5 ,,19 1524 
11 177 bSO 1543 
12 82b tJ9B 1572 
13 a75 7lt6 1601 
14 ·899 '770 1615 
15 925 194 1629 

, 
.. -------------------_ ... --------- .. ----... -------------+---------_ ... ---------.---------------------;..------. 

16 915 845 1658 
11 1000 810 U.12 
18 1030 900 1688 
19 1080 949 1716 
20 III I 990 17)8 
21 U80 1049 1169 
22 1280 114,8 1821 
23 1360 1228 1862 
24 1440 1301 1901 
2s 1519 1446 1968 
26 1700 1566 2025 

- + 

+, 

P. 

, 
1 
1 , 
1 , 
I , 
I , , , , , , , 
I , , , -'f} z 1 , 

• 
I 

+ + 
, + + 

. , 
I 
1 , , 
I , , 
" , , 
1 , , , , 

" 

I , , , , 
1 
I , 
, , , 
I 

AA 01 0) 

68 02 07 08 09 10 

CC 04- 16 

ttOONE 3L OIST=OO/U.5.COSI eue ilfr-J+ll2 
. 10 JAN 71 

, . 

PLOTS TO FI T .,1-HZ', 
LEAST TUUl IlIST 

••• O)S ••• 

P 
01 385 
02 421 
0) 490 
04 ~32 
os 614 
Ob 658 
01 615 
08 101 
Oq 126 
10 ,.5 
11 111 
12 826 
1] 815 
l~ eqq 
15 9Z5 
16 915 

T " 210 12q2 
310 1]20 
310 1362 
410 1]90 
490 144] 
533 1470 
550"1481 
581 1501 
600 1513 
&1 8 152. 
650 154] 
698 1572 
He 1601 
170 1615 
196 "16zq 
845 1658 
810 1612 
900 1688 
949 1116 
Q90 17]8 

10""~ 1169 . ------------"-------- ----- ------------------------._-------- ------- ...;.--- -- -----_ .... -- ------------------. 

11 1000 
18 1010 
19 10&0 
20 1121 
21 l1s0 
22 1280 
23 1360 
24 14.0 
Zt; 1519 
26 1100 

U48 1821 
1228 1862 
1101 lQOl 
Hltb 1968 
1566 2025 

. 

.U 01 0] 

88 05 01 

CC 02 oq 10 18 

au ")4 17 

+ , 

... 
Fig. 9E,F XBL 711-2697 



-34-

A. 

. .UCRL-20250 
JoIION.''IIlJClEON EXPEAIME~"'L FITS. 
FROM "I1Elo£I..I:IERC';' 9/67. 

ORIGIN AT 80TTO" SCALE-l.0 

• •• F15 

P T • 
01 80 21 1096 
02 .8 31 ·110. 
03 1.8 H 1109 

•• 115 '1 III) 
.5 I •• 58 1121 

•• It2 t8 1160 
07 219 120 IITS 
00 231 130 liS. 
.t US IOZ 119! 
10 255 151 1202 
II 211 1.5 121) 
U. 216 ITO 1217 
I) 291 18' Ull 
I. lO3 I" 1235 
IS )21 21G lZ4A 
I' )1I 211 1252 
IT ))1 ZZo US5 
U 3)1 225 12:59 
It )'1 201 U15 
Zo 385 IT. 1292 
21 '21 310 IllG· .-----_ ................ -_ .. _-_ ..... _ ........ -.... _--.... -_ .... -.... --_ .... --.--.. -.......... ---.... __ .. --_ ...... --_ .. _--_ .... _ .. ---.................. --. 2Z "0 HO I)'Z 

... '. 
a. 

.. 

U 5)2 '10 1390 
Z4 5Yl OSO 14'" 
Z5 61' "0 144] 
Z. "8 5)) 1470 
Z1 '15 55 • .. II 
ze 101 581 150i 
19 126 '00 I5IZ 
)0 105 .. 8 152' 
)1 111 .50 154) 
3Z 8Z' "8 1512 
)) 815 h. 1601 
). '" 115 1.17 
30 '15 "796 1629 
36 .915 ... 1651 
31 1000 810 U?2 
)8 1030 '0. 1"8 
). 1080 ••• 1716 

•• lUI ••• 1138 
41 1180 to49 1769 
OZ 1280 1141 1821 
OJ 1360 lUi 1861 

•• I'" 1311. 1901 
'5 1505 1HZ I')] ..• 1519 1446 1968 

88 3] ). ., 1100 1566 2025 
.8 

CC 36 31' 18 

DO 39 40 

•• so 

1810 1.,,6 2107 
2010 1875 216) 
2070 1915 2119 

., 01 OZ 03 04 05 
06 al 08 09 • 

dOONe 31 DISt-DO SUM lilT-I 
7 JAN 11 

PlOTS TO FIT l7-lH 
HAST IOTAl 01 Sf 

"' •• F3S ••• 

P T • 
01 ,.S lTO 1292 
0' 421 310 1320 
0' "0 310 1162 
O. H' .. 0 .. .., 
0, bl. "0 I ... ' 
O' bSO 533 1470 
01 ." 550 1481 
00 101 S81 1501 
O. ". baa 1'11 
10 14' 618 1524 
II 111 650 1~4) 
II .,. b9S 1572 

I' BH 746 1601 
I. • •• 110 loU 
I' 9ZS 796 1.29 
I. OT, SitS 1,58 
11 1000 870 loll 
IB 1030 'lila 1688 
I' 1080 94,9 1116 
20 1121 990 1138 
21 1180 101t9 1769 
22 1280 11lt8 1821 
23 !lbO 1228 1862 

+------ ----------:------ -- --- ------- -- .. -- --------:---+-------------- ---- -- -- -------------- --- ---- ----;..~ 

Fig. lOA,B 

.. 
24 H40 1307 1901 ,. un 1~46 1968 

'0 1700 1566 2025 

AA 01 02 03 Olt 0') 
ot> 01 M 

88 11 12 

XBl711-2692 

~. , .. 

,'. 



c. 

1 
I 
1 
1 
1 
,I 
1 

,I 
1 
1 
1 

-35-
+' + + + 

UCRL-2025° 
flCC~t 31 'nsr"c·-: cue 1011"'1 

fI JAN 11 

PL i~l 5 TG fIT 17-II" 
LEAST TOT.6l r 1ST 

••• F)'l ••• 

T 
, 1 18'5 2" 
12 .21 31" 
')1 .. r ne ,. ')?2 ',e 
" ',1" "0 
~'e b" 'D3 
,)1 1>1": ~ 'Ie -. Ie' '8, 
c. 72- tor 
'v 1 .. ~ HR 
II 111 ~51) 

Jl' '" .. e 
" <l' 7'. ,. ">jqq 77r; 

" Q2'" ,., 
H Q7~ .. , 
17 1'.:·(" Efc 
'R 1('3'; 0;,-:: ~ ,0 1",A,. ... 
,r 1121 "0 
11 IlRe lC"~ 

• 
1292 
1320 
1362 
13'iQ 

"',., 
1 .. 70 
H81 
[Sal 
15U 
H24 
154) 
1512 
16(11 
lid'S 
1629 
lb59 
1612 
use 
1716 
113e 
IH9 

+ -- ----~ -- - ~ ---- - - --- - - - - - - ---- ----- -- - - ---- ---- -- +- --------- ------ ---- -- - ----- -- - - -- - ---- - --- - -- ---+ 12 12A") 114B le21 
23 IH:(' 1226 

, . 

D. 

'. 

1 
I 
1 
1 
1 
1 
1 
I 
1 
1 

+ • +, + ' 

" 

,. 144, 13~17 

" },:qq 11046 
U 17e( 1560 

AA t.l ,I, :',!I ,- ... 0'5 
Ce ':7 (,1' 

qA 11 12 

18~2 

1901 
1968 
2025 

800lllE'31 OIST-OOIC1 .. 5+COSI SUM liT_I 
6 JAN ?l 

PLon TO HT 1-N( 
LEAST TOTAL OlST 

••• F35 ••• 

p T • 
0) 3.' 270 :1292 
02 427 3\0 1320 
03 '.0 310 1362 
O. '32 ')0 1390 

0' .,. • •• lo1t·U 

•• .5 • 513 lo1t10 
07 61!1 550 1481 
o. 701 '8' I~OI 

O. ". .00 1513 

'A 145 .18 15201t 
II 111 .50 U4J 
12 .,. 6 •• 1512 
13 8" "6 1601 

'4 ••• 110 IUS 
15 '25 ,.6 162. 
'6 'TS •• 5 1658 
11 1000 .,0 1612 ,s 1030 900 1688 ,. 10ilO ." 1716 
20 1121 "0 1138. 

2' 1180 lQ49 1769 
22 12RO llolte 1821 
23 13&0 1228 '862 

+ ----... -------~----- ---- - -----------------------+----- -.- --------- --------- ------------------------ .. 
'. 1 

1 
1 
1 

,I 
1 
1 
r 
r 
r 
r 
r 
r 
r 
r 
r 
r 
l. 

Fig. lOC,D 

24 1lo40 1307 
25 1579 144,6 
2. 1700 1506 

A. 01 02 03 04 os 
06 07 

Be 11 11 \1 

CC 10 III 

XBl711-2693 

1901 
lq68 
2025 



&. 
I 
I 
I 
I-
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 

-36- UCRL-2025° 
ijQO .... E 11 Olsr-OQ/ll.S+COSI t::UC 11''''1 

<;» JAN 11 

PlOrs to F- I T 1-~ I 
lEASt" lUlAl !II ',l 

••• FlO;) ••• 

• , 
0' 38. 210 
02 ~2J HO 
0' "0 ,10 
O' 532 .. 0 
O. .14 .. 0 
o. .5. .., 
01 .15 "0 o. 101 .. , 
o. 126 .00 
,0 145 616 
II 111 •• 0 
,2 'l. ••• 
" 01' ,. . 
14 ••• 110 

" 
.,. ,.. ,. 9" ... 

'1 1000 .10 ,. 1030 _00 ,. lalla -.. 
20 Il21 .~o 

21 1180 10...,9 

12Q' 
1320 
11t12 
1390 
I1ft4) 
1470 
1481 
1 ~Ol 
1513 
is:.!," 
154, 
1572 
IbOI 
lo}'; 
1629 
Ib5fi 
1617 
it-Sit 

tH'" 
1138 
fTbQ 

.. - - ---- ---_ .... - .. ---- -- .............. -_ .............. ---- --_ .. -- -_ .. +-- ---- .. -- --- -_ ........ -- -- ------ .. -- ---_ .. -_ .. ---- --- -_ .. . 22 IHtO IUB 18,1 

" 1300 IUS ISb} 

P. 

...... "." + 
.. .. .. .. I , , , , , , , 

I 
I· 
I 
I 
I 
I 
I 
I 
I 
I 
I 

. 1 
I 
1 
1 
I 
I , 
I 
I , 

.. 0+ .... 

........ 

24 1440 ~~O7 1901 
25 L 519 L ... 4b 19bd 
2 • 1100'1560202<; 

. ,u. 01 02 03 05 06 
01. 

86 11 12 

C.C 09 18 

00 20 21 

800NE 11 OIsr-oO/U.5+CUS' Eve. 1II'-J+l/l 
10 JAN .11 

. . 

PLOTS TO fiT .. t-Hl 
LEAST TOTAL elST 

••• f35 ••.• 

P , • a' ••• 210 1292 
02 .21 HO 1110 
O. "0 310 1)62 
O. 5>2 .'0 1390 
O. U' . .., 1.43 
0" 65' .H 1.'0 
01· ." "0 USI 
o • 101 .. , !SOL 
0_ 12' 600 1511 
'0 1 .. .18 LS24 
II 111 .50 l'H3 
12 .2 • .-. 11572 
I) . " ,. . 1601 ,. ••• 110 IbU 

" -15 1 •• '62'9 ,. 01' ••• US8 
Ii 1000 870 un .. lOla 900 1688 .- lQIIO 949 1116 
20 U21 990 lU8 
H lliO 10.-9 1769 
22 lZ81) 1 i48 1821 

1228 1862 
• ------ --- --------- - - - ----- --- - --- ----- ---------- - +- - ---- - ----- - --- ----- -- -- ------ ------------------+ 

.. 

.. 
+. 

Fig. lOE,F 
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H a40 1301 1901 
25 U19 h~t 1'168 
2' 1 7 00 1 iS66 2025 
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06 01 
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I , 
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-37- UCRL-20250 
C[lotN PION-NUCLEON lXPEMIM[NUL FITS. 

FRO" ';[JOEL,8[AG. 9/6'. 
OAIG1~ !ilT 80TTOM SCALE_I.O 

••• '11 

" • 
01 o. 21 1096 
02 .8 31 110. 
03 1.0 ,37 1109 
0_ 115 _I un 
os 140 58 1121 

•• 1'2 .8 1160 
01 21' 120 1118 
OB 231 13. 1186 
O' 245 1_2 119S 
10 255 lSI 1202 
II 21\ 16. 1213 
12 216 \10 Illl 
13 2.1 \0' 1231 
I- 3.3 \9_ 123. 
IS 321 210 1208 
\6 328 Ul 1252 
\1 331 220 1255 
\8 331 225 US9 
I' 361 241 121S 
2. 305 Z10 12'U 
21 621 310 lllO .-... ------ .. _-------------------------------------.. -.------------..... ------------.. -_ ....... _-_ ........... ---_ ... _--. 22 -'0 lIO 1362 

I , , 
I 

" , , , 
I 
I , 
I 
I , 
I 
I 
I , 
I , 
I EE16 

• "BBCCOO]l 

I. 

. 

~8 21 22 

CC 26 21 

00 31 3Z 

EE 3_ 35 

H 31 3 • 

23 -532 410 \3'0 
h 513 _So lOll 
25 61_ -'0 h·.) 
Z6 658 5)3 1410 
Z1 615 55. 1001 . Z8 101 581 1501 
Z' 126 6.0 1512 
30 145 618 1!§024 
31 171 650 154] 
U 826 6'8 1512 
II 815 1:46 1601 
14 '0- ·'TS \611 
35 'ZS 196 1629 
3, '15 • _5 165 • 
31 1000 no t612 
3. 1030 '00 1688 
3. 1080 .,. 11\6 
'0 1121 "0 IllS 
41 1180 1049 1769 
_2 1280 1148 1821 

Zl 2' 25 '3 1360 lUI 1862: 

" I".' 1311 1903 
28 29 30 45 1505 1372 19:n -. 15.,9 1446 1968 

41 Ifoo 1!66 Z025 _. 
1880 11" 2101 -. ZOIO 1815 Z\63 

50 2010 1935 US9 

.. 01 or tl 0_ .5 
06 01 .8 09 • 

AOU"'E 11 015T-00 SUN IjT-t 
., JAN 11 

PLOTS TU F I f Il-lH 
LEAST TOUL 01 Sf 

••• F'7 ••• 

p , • 
01 38' 210 1292 
02 421 H. 1310 
03 '00 310 13612 
0' 5)2 .. 0 1190 
0, 6h •• 0 }"441 
0. .50 533 101\1.10 
01 0675 550 1481 
08 101 !SIH 1501 
0' ". boa 1513 
1O 14. 618 1524 
11 111 650 1541 
12 .2. bCil8 1572 
13 81> 146 1601 
I' B.' 710 1615 
I' . " " . 1601' 
h .IS ,.5 1658 
11 1000 810 1612 
tB 10)0 900 16088 
t. 1060 949 1716 
20 1121 990 11)8 
21 11dO 104'9 1169 

.. -- ---- --;--- --- --- --- ----- --- ----- -- --- ---- -- ---- -+------ ---------- ----- ---- ------ --------- ------7--+ " ll80 1148 18il 
1228 18,2 

I L'~ 
+AAl1ti(: 

Fig. llA,B 

23 13600 
24 H40 1307 1901 
2> 1519 144b 1%8 
2. 1700 1566 2025 

AA01030olo 

He 02 05 06 

+. ee.07 08 10 11 12 
0+ U lit" 

00 16 11 18 

XBL711-2671 
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I'i " " '"! ~ T =- • -.r .. 1 ~: 

,I ~ '. -r! 

UCRL-2025° 

"l ~ ~ ~ ,.- 'IT 1 7 -11-
t fA~l rnul HI ~, ... f37 ... 

T • vI H~ Z1~ 12co~ 
:)2 .27 He 1]2(. 
'] 491. )10 tJt-l '. !Ill 4lC 110;) 
(~ b" •• c 1"1,) 
Ob 6s~ "n 1417') 
'",7 ~1'! ~50 14.1H 
·;R 1< , ,., url 
,~q "b 60,", 1513 

" 14' u. ISH 
11 ,71 6'5r. 1541) 

'2 .2. b'. 1512 
13 815 , .. 16(1 .. ••• He 16)S ," . " , .. 16zq ,. 91! , .. 1658 
11 Iv~)~ .'0 1612 

," te)( 'OC uad ,. l,.,ei ... 1110,; 
2J 1121 •• n 11~'i 

2' llSC 1 (49 1169 
• - - - - --- -- - - --- ...... --_ ......... - ... -- ... --- -- -- ......... -- -- ------ --+ --- -_ ... -- -- -_ ... -- -- -_ ... -_ ...... -_ ...... --- ... - ......... ----- -- --- ---. Z2 IlB:' 11ljl! 1821 

Z3 136C 1228 1862 

D. 

......... 
+, • • • I 

I 
I 
I 
I 
I 
I 
I 
I , , , 
I 
I 
I 
I 
I 
I 
I 
I 
I , 
I 
I 
I 
I 
I 
I 
I 

2' 144C 130 lqC'l 
25 1519 1410b .'163 '. 17rry 15b6 2"::2'5 

.. '2 J3 "4 '.J ~ e, 

B. (,1 ; I!! l- II " " Cc ,. 17 " 

BOONE 31 01 Sl·"·LlO"'Cl.5+COSJ SUIi4 WT-l 
6 JU' 71 

p • .:JJS· TO FIT T-NI 
l-.o\$T TOTAL DIU 

••• F37 ••• 

P T " 01 )., 210 1292 
.2 '21 lI. 1320 
0) "0 HO 1362 
O. '32 <I. 1390 
.5 U4 •• 0 144' 
O. 6 •• on 1410 
07 67. 550 14'1 
o. 101 581 nOI 
o. 126 600 uu· 
,0 74. .18 1524 
\I 711 •• 0 1~41 

IZ 82' ••• 1572 
Il 815 "6 1601 

+, I' ••• 710 16U 
I' 92' 196 1629 
Ib 915 B .. 1658 
11 1000 810 lbll 
18 1030 90. 168a ,. 1080 ••• 171b 
20 1121 ••• 171. 
21 1180 1049 1769 

.--------------... - ... --;----.---~--------------------.------------------------------------------------+ 22 1280 1148 1821 
1160 1228 1862 + . . I 

• + .. 

I , 
I 
I 
I 
I 

Fig. llC.D 

Z3 ,. H40 nOl 190. 
25 151'1 1446 19.8 
2' 1700 l'ib6 2025 

01 03 04 09 

~ " 02 aS 06 

(-: 01 all 10 11 12 
1) I' 

, .J 17 18 

XBL711- 2672 
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B. 

ijOUNE 31 l)(sr"'UO/ll .. S·CUSI 
'I JA.N 11 

illor5 TO FIT 7-NI 
LEAST TOTAL 01 Sf 

.... F37 ••• 

p r • 
01 3d5 "0 129l 
02 411 310 1320 
03 r.·~O 170 1162 
04 532 1,10 1390 

0' bl4 490 1443 
O. b" 53) 1470 
01 b15 5'50 1481 
oa 101 '01 1501 
o. nb 600 l'jl) 
10 1;, bl8 1524 
11 111 650 1543 
12 ~2Q bOO 157(: 
13 '15 ,.. 1 bOI 
14 a99 110 ltd') 

I' . " , .. 16029 
I. 915 . ., 1658 
11 IOlla al0 161, ,,, 10)0 900 1681:1 
[9 10ljO 949 1116 
20 1121 . • 90 113 8 

II 1180 If)49 17609 

.. ~ --- -- -.-- ... -- ... -- -- ............ ----_ .............................. --- -- ...... :- ......... + ... -- --- ............ -- -- --:.- -_ ... -_ ................................. -- ............... - ......... -:' -_ ... .. 22 12 'iO 114d 182\ 

" H6G 1 ?I.S Idb2 

. . . 

" 

I 

, , 
t , 
I 
I , 
I 
I 
I , , , , 

~!,", .. J I •• 
• "c." .. 

,. 11040 1301 1901 
25 1')19 1 .. 46 1968 
2 • 1100 1566.(021) 

AA 02 03 05 060 

Bb 04 07 08 10 11 
13 1" 

CC 01 09 

00 12 15 

SO!JNE H OIST-OG/tl.5.C.OSI euc ~T.J.1I2 
10 JAN 11 

+- --- -- --- ----- - ---- - - - - - - - ---- - - - - - --- - - -- ---- -- -+----- ----- -- ---- --' ------------ - - ---- - - -.:..- -- ------. I ' 

I 
+, I 

I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I , 
I 
I 
I 
I 
I 

• +.+ +AAtU~C(.lll 

llE,F 

PLOTS TO FIT _l-Hl 
LUST TOTAL niSI 

.... F37 ••• 

• • 
01 3" 210 12ql 
02 '21 llO 132Q 
03 ,90 )70 13bl 
O. '" 410 1390 
0' bl, ,,90 144) 
O. b'8 533 1,,10 
01 ." 550 10\81 
oa 101 'PH 1501 
09 ". bOO lSl1 
10 ,., b18 1524 
11 "' 650 1543 
12 .,. b'l8 1512 
13 ",. H61t.-Ol 
to a •• 110 It.-iS 
IS 9" 196 1629 .. 975 845 1658 
11 1000 tHO 1b72 
10 1010 qOO 1688 

l' 1080 •• 9 1716 
,0 1121 990 1138 
21 11BO 1049 1169 
22 Hac u4t6 1821 
23 llbO 122:8 1862 ,. 144tO 1301 1901 

" ISH' 14t4b 1968 
2. 1100 1566 2025 

.U 01 03 04 09 

B8 02 05 1)6 08 

cc 01 10 11 13 14 

DO 16 11 18 19 

XBL711-2673 
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Fig. 12A,B 

UCRL-2025° 
C[RN PIO~-I\IIJCLEON EXPEAIN[NTAL fITS • 

fAOIII H[JOEL8EAG • . 9/61. 
~wIGI'" AT BoTTo,", SCAL.E_I.O 

••• Sl1 

• T • 
01 ao II I .... 
0> .a ]I 110. 
03 108 J1 1109 
0_ 115 -I 1111 
O~ hO S. Ill? 
00 1'2 •• tUo 
01 '19 1.0 1118 
.08 .11 13. 1196 
O' loS 14. lU5 
I. .55 151 1202 
II 211 105 1.11 
12 '1b 110 1211 
11 .07 lS' 1.11 
I- JOl I" Ins 
IS III .1. ll" 
16 111 211 IUl 
11 lJl 210 un 
II 111 225 IU. 
I' 161 241 un 
20 lIS 21. 1202 
21 '21 ]10 112. 
l2 "0 310 1162 
n 532 '10 U'o 
24 In 450 1411 
25 61' ••• '4n 
Z6 6" 5lJ 141n 
Z1 615 550 1411 
Z8 101 581 ISOI 
Z' 126 600 ISIZ 
10 145 611 1524 
1I 711 650 IIU 
II a26 .tI 1512 
U I" 146 1601 . 16 '0' 115 1611 
n ." 796 IU' 
]6 '15 a.5 1651 
31 1000 870 1672 
11 1030 '00 I ... 
30 1010 ••• 1116 . '0 1121 "0 In, . 8' OJ O • 41 lIao 10" 1169 
4Z 1210 II" IIZI 

CC os O. 07 oa '1 U60 122' 1162 •• 1'" Ilil 1'03 
00 10 II 12 ·Il 1505 1505 1112 I.n 
1611 •• 1579 1'4' 1968 
t£ O. 14 18 U 1100 1566 lOU 

48 1110 17'6 2107 

" 19 20 21 •• lOlO 1175 2161 
10 l010 1935 lil' 

GB Z9 ]1 

MH •• 45 ., 01 o. 
oU ., ·1, 

6001';£ 11 OUT-DO SUM NT-I 
1 JAN 11 

PLOTS TO FIT l1-lH 
LEAST TOUl OIST 

• •• Sl1 ••• 

• T • 
01 185 270 1292 
.2 '27 310 1)20 
03 "0 110 1,.2 
O. .32 410 1 )90 
0. 61' .901"·U 
0_ 

_ .. 
5)] .410 

01 _15 SSG ,4S1 
08 101 581 1501 .. o. 12_ 600 1511 
10 ... blS .5Z4 
II 111 650 154) 
12 .2. 698 lSlZ 
13 8.15 14,61601 
I' 8 •• 7fo 16U 
IS 9H 196 1629 
I- .15 84S 1658 
11 1000 810 16'2 
10 1030 900 1,1' 
19 1080 949 Ill' 
2. Ull 990 1 na 
21 1180 1049 11'69 
.2 iZlJO 11481lU 
23 1360 1218 11'2 
24 1440 1301 1901 
zs U79 1446 196_ 
26 1700 1506 Z02S 

u Q1 04 

XBL711- 2689 

• 
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Fig. 12C,D 

UCRL-2025° 
>\.lL"':. ~l 015T:0:; tUf 1<11"1 

~ JAf.. 11 

PlJl!:, 1" Fit l1-Zh 
LEAST TrITAl ,,1c,r 

••• S lJ .... 

"I :,11 ~ ~ lC 
, Z 41 ' :!Ii') 
,3 ," He 
:~ 4 ~ ~ { 41e 

hI' '.0 
• t ~ t"! ~33 ", t.l'. 55J e, ,01 5Al ", t';cc 

l' 14' bI. 
11 ,,, e,S':'I 
12 AU ... 
I' IHS ,.. 
14 ~qCl no 
15 Q;?': ... 
l' 015 8415 
11 1('(( nc ,. IC!' .,t:c 

" 1" 8" •• < 
20 1121 .'0 
21 lIe":. 1(4Q 

. 
12~2 

1320 
Db;! 
13QC 
, ... "3 
It.70 
1481 
15'll 
1513 
15.,4 
1, .. 3 
l'!ilZ 
16,jl 
161.5 
ltlC; 
1658 
1612 
\b88 
171b 
1738 
lU9 

-- ------ -- --- ---. 22 1 2 i'I~; 1148 1821 
23 13~C 1228 1 RbZ ,. 14/0( 11('7 1901 ,. 1579 11040 1968 
2. 17((' 1566 2025 

" 

IIOONf H OISl-OO/Cl .. S*COSI SUM W1-1 
b "JAN 11 

PLOT!. TO FIT 7-1111 
LU.ST TOTAL OIST 

• •• S11 ••• 

P T " 01 .85 no 12n 
02 421 lIO 1320 
0] •• 0 310 1162 
O. ." "0 1]90 
os ... .. 0 L443 
Ob .5. 5H 1470 
O. ... ..0 1481 
O. 101 581 lSOI 
O' ". .00 lSn 
10 ". b18 lS24 
11 711 .50 1543 
12 '2. b" 1572 
13 .,. • •• 1601 

" ••• 710 1615 
15 .,. , .. 162'1 
I" '115 •• 5 1658 
11 1000 8 '0 1672 
18 1030 900. 1688 .. 1080 ••• 171ft 
20 1121 .. 0 1738 
21 1180 ·1049 1769 
22 1280 1148 1821 
2. 1360 1228 1862 ,. 14,,"0 1101 1901 
Z5 1579 1446 1968 
2. 1100 IS66 2025 

AA. az 04 

XBL 711.- 2690 
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Fig.12E,F 

UCRL:"20250 
tiUONE 31 OJ S' "tJOI( 1. s+COS. i:UC lifT-1 

oj JAr... 71 

, 

. 

BOOffE '1 

,. , 

, 

. 

h JI) T. r II 1-'~1 

ltA\1 r::;lAl )/':)T 

••• :d,l .... 

T 
01 H., HI 124 __ 

01 .d Hr. 132·1 
e) .90 no 1361 

" '" 4.0 lJlolO 

0' ~14 "QO 1441 
O. ." ," 14tl0 
OT 'oTS 5S0 1481 

0' TOT '81 BOI 

0' T,. ,00 lSU 
10 H. '1" U24 
II T" ''0 1 541 
12 '2. .98 1'512 
13 "" T •• 1601 
I. • •• 110 1615 

I' .2S T •• 16029 
\0 91. ••• 16S8 
IT 1000 010 un 
18 1010 900 16lia 
I' 1080 94q 111t. 
lO 1121 ,'0 173 ... 
2. 1180 1049 1769 
22 1280 1148 1821 
23 1360 1228 186c 
24 1440 1101 1901 
2. 157<) 1446 1%8 
26 1100 15606 202'5 

01 ST-OO/n .5+'05 I EuC .. r-J+1/2 
10 JAN 11 

PLIlTS TU FIT U ... Hl 
lEAST TOTAL 1)15T 

••• Sl1 ••• 

p , • 
01 lO' 270 12q2 
02 6" no lJ20 
0. 690 310 1,61 
O. S12 4tl0 1190 
O. 01' 

4t9O • __ 1 

O. '$8 S]J .0\70 
07 .75 550 1481 
08 TOT 581 .501 
• 9 12 • 600 1513 
10 76S 611 151_ 
II 117 650 1541 
12 82. '9a 15ll 
11 875 7" 1&01 
I- 899 no 1615 
15 OZ. 196 1629 
I' 975 8 .. 5 16511 
17 1000 8'0 1672 
18 10)0 900 1688 .' 1080 9 •• 1116 
20 1121 990 1118 
21 lUO 10 .. 9 1169 
22 \2&0 11'" 1111 
B llbO 1228 1862 
26 U40 1)07 .1901 
H 151q 14" 1969 
2. 1100 1566 2015 

'" 02 04 

XBL711-269I 
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Fig. 13A,B 

UCRL-20250 
CCRN PIOIII-NIJCl.EON EXPERIMENTAL FITS, 

fROM HE10E~BERG. 9/6". 

. 

88 01 O' 

CC I. I. 

ORIGIN AT BOTTo.. SCALE_I.O 

••• Pil 

p , • 
01 80 21 1096 

,02 •• 31 1104 
03 10. 37 110' 
O. 115 '1 1113 
OS I •• s. , 112f 

•• 192 •• IUD 
Of 2,. 12. UTe 

•• 231 13 • 11.' 
O. 2.5 \42 11'5 
10 255 lSI 12.2 
11 If! lO' 1U3 
1Z . 276 Ifo 1217 
13 lOT 18' lUI 
h 3.3 1" 123. 
15 311 21. 1ZU 
l' 328 21f 1lSZ 
If 331 .. 0 ll55 
\0 337 .. 5 USC) 
l' 361 241 12fS 
lO 3.S n. Il92 
Zl '2f 310 132a 
II "0 3fO 1362 
II S3l 410. 1]90 
h Sf) "0 141" 
25, ... ••• 1 .• 43 
l. '5. Sll U70 
If 615. "0 .481 •• 10f 5.1 1501 
20 n. '0. ISll 
3. 70S '1. ·1524 
31 fH "0 ISH 
3l .~o 698 lSfl 
II .15 no 1001 
30 '0' HS 16H 
35 '25 fO' 1629 
36 97!f ••• 1658 
H 1000 8fO 1612 
3. 1030 '00 UBB 
]9 1080 ••• 1716 
.0 \121 ••• 1738 
.1 1180 1049 1169 -. 1l •• U48 1.21 
_3 1360 1128 IB62 .- 144. 13\1 ... 3 

•• 1505 1H. 1933 
.0 1579 14.6 1968 

l1ll Of 1100 1 !J66 2025 

•• 1880 174' 2107 -. ZOlO 1875 Zl63 
SO 2070 1935 21 B9 

A" 02 03 04 05 07 
08 10 

8ooNE' 3'1 DIU-OO SU,. wr-l 
., JAfII 71 

- ----- -------------+ 

PLOTS TO FIT l1-ZH 
l.EA~T TOTAL 01 Sf 

• •• PIt .••• 

P T • 
01 38. 210 1292 
02 '21 3\0 1120 
03 •• 0 310 1162 
O' .32 "0 1390 
05 b" "0 l.~) 
O' b'. 5" .470 
01 .'5 SSO 1'481 
08 107 581 1501 
O. 120 bOO 151) 

'0 "5 "8 1521t 
11 111 •• 0 U.) 
12 .2. .'8 1512 
\3 815 746 1601 

l' 8 •• HO 1615 
IS ." 796 1629 
1. 915 845 (658 
11 1000 810 1672 
18 1030 .00 1&88 
1. 10aO 949 1716 
20 Ull 990 1 ne 
ZI 1180 1049 1169 
Z'Z 1280 1148 1821 
23 1360 1228 1862 ,. 1440 1)07 \901 
25 l'5H 1446 1968 , . 1700 1566 2025 

AA II 12 13 1'" 16 
17 td lQ 20 • 

XBL711- 2686 
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UCRL-20250 
pntJ~!t 31 nIST"'D~ tliC .T-l 

A JAil; 71 

PlC1S TO fit 17-Z'" 
UASl 'T0TH ·DIST 

• •• Pit .... 

"' 18~ 270 
':,2 ." ~ 1') 0, ,-9,) He 
c· B? 41 : 
" .,\. "Q'1 

':f f.t~~ '" '-1 ,q~ ~ 5'" ... 1'1 ':'Fll ," e"·r: 
'0 14~ tIP. 
11 111 t5C 
12 ·2. .., 
" ." ,<; 
I. , .. 11e 

. \S 9?5 ,. . ,. 01, ,., 
17 It:'OI.' ",0 

'8 It3C Q'1!" ,. ICee ••• 
2' 1121 9.0 

" 118f lC49 

. 
lZq, 
1320 
13U 
1 )q(\ 
144 ~ 

h1t 
hel 
Be 1 
1 ~ l'3 
1514 
1543 
1571 
IbOI 
Hl!!' 
1629 
16'5A 
Ib12 
uaa 
tUb 
17?8 
l1bc;l 

------ -- ----------. 21 128(. t 141f 1821 

BOOHE 11 

13 136(' 1228 18b2 
2' 1441) 13J1 19e1 

" 15H 1':'4(:; 10;68 ,. 170(1 15M 2025 

AA 11 12 t3 14 It. 
17 1~ 19 2( 

DUT-OO/e 1.'.COSI SUM 
6> JAN 71 

PLOTS TC FIT 7-NI 
I..fAS T TOUl OJ ST 

• •• Pit ••• 

p T 
0, )8' 210 
02 '21 )(0 
0) '.0 )10 
0. 'H "0 
os ". "'90 
o. •• 8 '" 01 _15 "0 
08 101 58' o. 12_ .00 
\0 

,.. 
6'8 

11 711 •• 0 
\2 .2_ ••• 
\) 81S ". ,. ••• 110 .. ... ,._ 
\6 97.'1 ••• 11 \000 010 
\8 1030 '00 
\. 1080 • •• 
20 lUI •• 0 
2\ 1180 lO4Q 

tII'-1 

• 
1292 
1320 
1362 
1390 
14ltl 
1470 
1481 
lSOl 
1513 
1524 
150\] 
1512 
10001 
1615 
1624 
1658 
1672 
1688 
In6 
1738 
1769 ----------------"--. 22 1180 iUS 1821 

23 1)60 IllS 1862 
24 \440 1307 I,,", 
25 U19 144,.6 1968 
1_ 1700 1566 202S 

.. II 12 11 20 2L 
23 2S 26 

XBL 711-2687 
Fig. 13C,D 

'. 
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r. 

2 1 

.. + .... 

...... + .• 
i" 

UCRL-20250 
SOUN!:: 11 I,)I)T.OO/ll.SH~OSI fUC wT-l 

------------------- .. 

-... _---------------_. 

Q JAN 71 

PLUh TO FIT 7-NI 
lEAST rOUl 01 Sf 

••• Pil ••• 

P T • 
01 .. , 110 1292 
02 .21 310 1320 

"' • .a ]10 1302 
O. 532 410 1'390 

"' b,. ..0 14<1>'3 
Ob 0'8 '" 1470 
01 b15 550 1481 
08 101 58' 1501 
O. 110 bOO 1':111 
'0 10' b" 152"" 
11 171 b'O 1543 
12 82b b'8 1512 , ) 8" 14b 1601 
I- ••• 710 161') 
15 92' 19b 1629 
lb .15 845 1658 
11 1000 810 1612 
18 10)0 .00 Ib8~ 
l' 1080 ••• 1116 
20 1121 9'0 1738 
21 lua 1049" 1769 
22 12110 1148 1821 
l3 UbO 122j:j; 18b2 
24 1440 1307 \901 ,. lS1q 1446 1 9 68 
2b 1100 15066 202~ 

.u 11 12 1'3 17 2') 
25 26 

88 23 24 

PLOTS TO fir .ftl-Hl 
LUST TOTA&. OIST 

••• Plt ••• 

p T • 
01 )8' 210 1292. 
02 421 310 \320 
0) .. 0 ]10 1162 ' 

"' 532 410 1390 
O. .. - "0 \443 
o. .'8 513 14170 
01 .15 550 1481 
08 101 581 UOl 
o. 120 600 151) 
10 14. bola 1524 
11 171 650 15111., 
12 .20 698 1572" 
15 ns· 746 IbOI 
14 8" 170 1615 
15 .,. 796 1629 
16 . ., 845 \658 

" 1000 810 1672 
18 1030 900 1688 

l' 1080 949 1716 
20 112\ 990 1738 
21 Lleo 10"9 1769 
22 12110 1146 1821 
23 1)60 1228 1862 
24 1440 1307 1901 
2' 151q ,\lt46 1 '168 
2 • 1700 15606 2025 

u II 12 1) 14 16 
11 18 20 21 • 

XBL711" 2688 
Fig. 13E,F 



-46- UCRL-ZOZ50 
e[MN PIOH-NUCLEON E .. ~ERU4[HTAL fITS. 

FADM t1E:10EI..8ER6. 9/67. 
QRIGh ... ·T BOTTO'" SCALE_l.O 

••• Pil ••• 
1. 

p f . 
01 .0 ZI lOh 
oz 'B II 1106 
03 10. ]1 11D9 
O. liS '1 1111 
n hO 5. 11Z7 
O' 192 ,. 1161) 
07 ll' IZ. 117S 
0' III IlO IIBo 
0' z.s I,Z 119S 
I. lS. 151 Il.2 
II III 10. Illl 
Il l76 170 1111 
Il Z97 189 Illi 
h lol I" 1215 
U III llo a'8 
16 l18 ZI7 U52 
17 III lZ. IlS, 
18 ll1 lZ' llS9 
I' lOI 207 U15 
lo US llo 1292 
ZI 417 llO 1120 .--_ .... _-------------_ ............ ---------_ .. ----_ .. _------.---..... ------..... -_ ................... -_ ........ -.. -........ _--... --_ ..... _----. II "0 no 1l0l 

8. 

I 
I 
I 
f 
I 
I 
I 
I 
J 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I. 
I 

•• (jW' I 
[[Oocca." 

. 
. 

II Sll "0 1390 .. 14 sn 050 1411 
n blO 0'. 1443 
lb OS. 5l] 141" 
n 675 "0 1481 
18 701 581 1501 
19 7lb '00 I5ll 
30 745 '1. 15Z0 
1I 711 65. 1543 
» ". "B U1Z 
U .n 746 IOGI 
14 900 175 1617 
J5 925 1 •• &tali 
16 975 845 1658 
n 1000 81. 161Z 
le 1030 '00 1688 
19 108. '" 1716 
O. IIZI "0 1138 

88 07 o. '1 1180 1049 11 •• 
'Z ueo 1148 lUI 

ce Il h I' 03 U60 Ill. 1862 , . ,4 •• Ilil 190) 
00 IS 16 I' 20 ,. 

1'05 llTZ un 
" 1519 ,446 1968 

![ 17 II UlS 4? 1100 U6' lon .. 1180 1146 2107 

" Zl h ,. 30 11 '9 lOiO 1815 2163 
50 2070 19J5 2189 

6G l1 l8 " ]I J2 

,JJ" '-6 

.A Dl " 0] 04 nS 
06 01 \0 II IZ 

MOONt. 31 OI$T-OO SUN wT-. 
1 JAN 11 . 

PLOTS TO FIf· 17-lH 
LEAST TOUl '01 Sf 

••• Pl3 ••• 

T " 01 3a. "0 1292 
02 ." 310 1120 
O. '.0 ]70 1162 
O. "2 410 1190 
O. ". 490 1443 
00 osa 533 1410 
07 ." 'so 1481 
oa 701 SOl 1501 
o. 726 600.1513' 
10 I .. 618 1524 
11 717 650 1543 
12 8lb b.' 1512 .. 815 ,,- IbOl 

l' 0 •• 710 1615 
is . " 7 •• 1621j 
1_ 91S 845 1658 
17 1000 810 1612 
10 10 30 900 1688 ... 1080 q49 1116 ,0 11Z1 990 1138 
21 USO 104Q 1769 

+ - __ - __ - __ - - ___ - - - - __ - - - __ - - - __ - - ____ - - - - - - ____ - - - + _______ .. - - __ - __ - ____ - ___ - _____ - - - - - - ___ - - - - .0._---_ + 22 1280 1148 1821 
1 

.1 
I 

Fig. 14A,B 

23 
24 

" ,-

,+ AA H 05 

ttl} l3 l~ 

(.C .1 11 

XBL 711-2683 

llbQ 1228 1862 
1440 1 )01 1901 
157Q 14lt6 1968 
170Q 1566 2025 

~ 

..., 

• 

• 



-47-

c. 

pee,,-! 31 '''1 ST- C'} '''' wrJlCRL-20250 
A j,O"- 11 

Pl015 T(. fIT 11-ll
lEA~l T,-TA'l 015T 

.... Pi 3 ••• 

'\ lA'3J Z7f.\ 
-2 '" He 

4<' :nc 
", 4\0 

:. ~. 01' 4<0 
b~ P -:33 

"7 07", 5SU 
.'H 7<7 '0\ 
" q '2b bOO 
\. 7.' .,6 
II 177 t ~c 

1<' 02' t •• 

" '" ". ,. ",c 17< 

" ." , .. 
I< Q 7~ . ., 
11 1,:(,':', .TC 
lH 103..: .on 
1< }fH'fl ... 
" 1121 <90 

" lUll' ,1., .. 9 

M 

1292 
1 'Ur:' 
1302 
l"1l1l) 

1 .. 43 
147C 
141\1 
1~~1 
151) 
1524 
10;"3 
1512 
1601 
HIS 
Ib29 
16'S6 
11-:12' 
16"8 
17: 6 
17'!8 
1169 

" 12 ~t. 1"148 18:?1 

" 136', ln8 Ifl62 
+-- ------- ------- ----- - -- - - -- -- -- ----- -- -. ----- - --+ --- ------- --- --- --- ---- .---- ------- .----- --- ---- -+ 

,. Ilt4( 13n7 19'H 
'ir, ISle; l104t lq6f1 

" 17( n 1'.i6l) 2025 

+ , 

AA C ~ 

8~ ('" 15 

C( 11 I' 

• BOONE 31 D1ST.DO/(l.~hCOSI SUM WT-L 
t b JAN 11 
I 
I PLOTS TO ~ IT l-t.tl 

I 
" 

~ I , 
I 
I' , 
I , 

,* I 
I 
I 
I 
I 
I 
I 
I 

*, I 
I 

'I 
I 
I 
I 
I 
I 
I • 

+---. ----------~--- -------------------------------+- --- - -- - --- - ---- ----- - .------ -- -- --- --- ------•• --" .. 
I 
I 
I 
I 

, 1 
I 
I 
I 
I 

LEAST TOTU DIST 

••• PI) ••• 

P 
01 '8' 
02 '21 
0' "0 

"' 532 
OS 6,. 
o. 656 
0' 675 
06 70' 
O' n. 
10 745 
II' 771 
12 82. 
13 875 
14 ••• 
" '20 •• .75 
11 1000 
\. 10)0 
I. 1080 
20 1121 
21 1180 
22 1280 
l3 1360 ,. 1440 ,. 157'1 ,. 1700 

,+ I' 
I AA 03 0'5 

.. 

XBl711-2684 

Fig. 14C,D 

T • 
270 1292 
310 1320 
310 1362 
'10 B9D 
,.0 10\,,) 

513 H7D 
550 1481 
581 LSOI 
600 1513 
.18 ISH 
6~O 15"') 
0.98 1'512 
r.. 1001 
110 Ib15 
7 •• 1629 
8 .... 5 10.58 
010 1672 
900 1688 

••• 1.116 
990 1738 

101t9 1709 
1148 1821 
1228 1862 
1307 1901 
10\0\6 190.8 
1566 1025 



. .. 

-48-

B. 

UCRL-20250 
SUONE 31 lJIST-OO/fl.S.CUSI Eue. .;T-l 

q JAN 71 

PLUTS TU Fl T 7-NI 
LEAST TOTAL 01 'iT 

• •• Pl J ••• . 
"' '"' dO 1292 
02 .21 310 1320 

0' •• 0 310 1362 
O. 532 "0 1390 
O • b" '_0 1.41 
O • b5d 531 H70 
0'. .,. 5;0 141-81 
o. 101 'd' IS01 
O. "b bOO 1'13 
'0 .. , 618 1524 
11 "' 6'50 1541 
12 8'. 698 1572 ." aH 746 1601 ,. d •• 770 161'5 
IS n5 196 16209 
1b n, /:145 1658 
11 lOU~ .'0 1672 
18 10]0 900 1688 ,. lOtiO .,. 1116 
20 1121 .90 1'138 
21 lll~() 1049 17b9 
22 1280 llr.8 1821 

lIbl 
.. ------ ----- ---------- -- ------------- ---------- --- .. ------------------------- ----------- - ---------.---.. 

P. 

.+ 

I 
I 
I 

. 
1 
1 
1 
1 
I 
1 
1. 
I· 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

23 BbD 1228 
14 144tO }107 1'101 
H 1519 14"6 196d 
2b 1700 156" 2025 

u 03 09 

Be 13 15 

800NE J1 OIU-UO/Cl.'+COS) ,EUC IIff·J+ll2 
10 J,,,,, 11 

PlOjS TO FIT 41-HI 
LeAST TOTAL 01 Sf 

.. . 

••• Pl] ••• 

P 
01 ,., 
02 ." 0' "0 
04 '" os b" 
O' b5'1 
O' b" 
O. 101 

O' ". 
10 ," 
11 111 
12 ttU. 

" 8" 
14 .00 
15 921) ,. 0" 
11 10.)0 .. 1030 ,. 1080 
'0 U21 
21 lllta 

T 
l"'O 1292 
3101320 
110 1362 
UO 1190 
411f0 ·1441 
!lH 1470 
lj'jO 1481 .., 1501 
.00 15ll ... 1524 
b,O 154) 
b •• 15"'·2 ... 1601 
110 1615 
10' 1629 ... 1658 
8'0 Ib7Z 
900 1688 
949 1716 
990 1738 

101t9 1769 

+ -- ---- -- --_ ... - - ---- - --- ---- --- - - -- - - ----- -- ---- --- +-- ---- --- ----- -- ---- --- --------- -- --- - ------ -- ---+ 2l 12dO 1148 1821 . 

Fig. 14E,F 

2J 1360 ,. U40 
2' 15H 
2b 1700 

.u O~ 05 

80071215 

CC 11 ·17 

lll8 1862 
1307 1901 
1446 1968 
1566 2025 

XBL711 "2685 

.Co 

.. 
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B. 

'. 

-49- UCRL-2025° 
CERN PlON-NUCLEON [XP£filM£NTAL FITS. 

'MDf'I HEIDELSERG. 9/67. 
OHIGIN AT 80TTOM SCALE_I.O 

••• Oil 

p l . 
1\ 80 ZI 109, 
02 O. 11 1104 
Ol 108 l' 1109 

•• 115 .1 1111 
OS 1.0 S. liZ' 
00 10Z 08 1160 
01 210 12. 1118 
.0 Zll 11. 1186 
00 lOS 102 1105 
10 255 151 lZOZ 
II 211 lOS IZ\3 
12 216 11. UH 
\3 201 I.' 1211 
\4 1.1 100 IllS 
IS 121 ZI. llU 
10 128 211 1252 
U 111 22. IlSS 
\8 ll' 225 1259 
10 161 Z41 12'5 
Zo lOS 210 1292 
21 'Z' 110 llZO 
ZZ '00 no ll62 
Zl 5]2 '10 1300 
Z. 51] 050 1411 
Z5 610 "0 1441 
ZO OS8 Sll 1470 
17 615 550 14S1 
Z* '0' 581 1501 
ZO Izo 00. 1512 
10 145 018 ISZ' 
11 '" OS. 15.3 
12 820 008 un 
II 815 , .. 1601 
14 90' ns 1611 
15 025 10. 1619 
1. '15 ..S 1658 
n 1000 810 IbTl 
10 1030 000 UI!IS 
l' 1080 0 •• 1116 
00 1121 990 1138 
'1 lleo 104' 1769 
'Z 128. 1148 1821 
OJ 1360 \ZZ8 -1862 .. I"" 1311 If 01 

•• 11 U Il I' IS 
16 11 18 

U 

•• 
Uos 
1519 
1100 

1312 lOll 
14.6 1068 

CC \9 ro 

00 ,. ]' 

(E 18 '8 
:-t( 

41 15'6 zozs 

•• 18&0 114' 2107 
.0 2010 \81S ZI61 
so 101'0 19)5 2189_ 

loA 01 02 01 04 05 
06 01 01 09 10 

RonNE 31 Ol$f-oo SUM w1-1 
1 JA~ 11 

PLOTS fU f I f 17-1H 
If:Asr TOTAL. D1 ST 

••• 011 ••• 

• , • 
0\ 38' /10 lZQ2 
02 ." 310 1320 
01 .. 00 HO 1362 
00 .32 410 1190 
O' 61' "0 14U 
06 6.8 .n 1410 
0' ." "0 1 It 81 
08 '0' .81 1 501 
O. fl' baa 1513 
10 14. UB U24 
II '" bSO 1 S4] 
\2 826 bt;,8 1572 
13 ,,. 7ttb 1601 
14 ••• 770 ibIS 
IS .,. ,.. 1629 
I. .,. ." 16058 

11 1000 "0 Ib72 
\8 uno .00 161:18 

I' 10"10 ••• 1716 
,0 1121 •• 0 1738 
ZI 11HO 104Q 11609 

-------------- --- -- -- ---- -- -. -------.--- ----- --'.---- -- ----- -- -- ------- --------. 22 12dO 1148 1811 
n 1300 1"228 18602 ,. litfoO \301 1901 
15 l'Hq 1 .... 6 1 qb8 

... 
2' \100 LSt>b ZOiS 

•• 

•. t .. t XBL 711- 2660 

Fig. 15A,B 



c. 

, ,. 
I , , , , 
, 
.' 

-50- UCRL-20250 
1:I('4jN' ~! PI ';)1-11. i..U( '" 1"1 

8 .UN 11 

Pl']TC; Tn fll 11-l1-1 
lUSl ruTAl !':lIST 

••• fll ~ ••• 

T " 3S~ 210 12't2 
427 310 lJ20 
49t:" 370 1362 
5 :i He lHa 
'h "0 Ult1 
.s, ~H 1410 
61'5 ~51J 1481 
101 58, 15Jl 

". Me IS13 
7" 018 1524 
771 05< IS43 ." .. , 1512 .,. ,.. ltIlol , .. 710 Ibllj 
025 "0 1tzc; 
<,i 1~ 84! 1058 

1 ~Cl "C If>72 
lOll.. .oe Ib8f1 
1":fll' <149 1116 
1121 qqG 113~ 
11B( 1 CloG IU,q 

+ -- - ----.--- --- -- --- - - ---.--- --------- ----- --- --+ --------- - ....... -- -- ---- ---- ----- - -- -- --- -- - - - - --- -. 12l!(' 11"8 lR7.1 

11. 

116(' 1228 lAbZ 
'IoftC 13Cl pile! 
151'1 144tt; PH: 8 
HOI' 1566 2('25 

ADONE 11 DiU-colt 1.5+(0$1 SU .. wT-l 
b JAN H 

PLOTS TO FIT "-HI 
LeAST' TOUl Ot ST 

••• 011 ••• 

p , 
01 ]8' 210 
0' 427 310 
O • •• 0 310 
O. . !HZ 01. 
0' 0'_ 4" 
00 05. 513 
0' 0" >s. 
08 '01 .81 
O. 126 .00 
10 14. 018 
11 '" .50 
lZ 8Z, 0 •• 
11 815 ,.. 
14 

.q. 110 
15 'Z5 ,.. 
10 ." .45 
11 1000 .'0 
'8 1030 .00 
19 1080 9.' 
10 1121 9 •• 
21 1180 101t' 

" 1292 
1310 
1302 
1390 
1"oCt) 
1470 
H81 
1501 
1513 
!S21t 
iSlt) 
1572 
1601 
lM5 
U2Q 

'1':158 
lbJ2 
lbft8 
171b 
17)8 
176' ---------------------------+-----:---- ..----':'"--------.----------------'""---------+ 12 1280 1148 1821 

Z3 UbO 1228 1862 ,. 1lt40 1307 1'01 
25 151'.144b 1968 
'0 1700 l~bb 2025 

AA 17 18 

XBL 711- 2681 

Fig. 15C,D 

G 

.. 
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-51-
, , , , , , , .0 , , , , , , , , , , 

.. , , , , , . 

UCRL-2025° 
SOONE H 01 SY"'OO/II.!;+CUSI tue .T-l 

q JAN 71 

PLOTS TO "If 7-NI 
ltAST TUTAl 015T 

••• 013 •.•• 

T • 
01 ,., no 1292 
0' '21 110 1]20 

a' 490 370 13bl 
04 51, 410 1390 
05 6'. 490 1443 
U6 6" '533 147C 
01 .15 ~50 1~81 

08 101 5., 1501 
09 726 600 1513 

'0 14, 61. 1524 
11 111 .50 l'H3 
12 Oi. .9. 1512 
13 01' "6 lbOI 

" .9. 110 1615 
15 9" "6 1629 ,. .15 0" 1658 
11 1000 ",0 1672 ," 1030 900 1698 

" 10':10 'J4"'l 11l~ 

20 1121 '90 1738 
21 11 !lO 1049 17b9 

" 121:10 114ij 1821 
13&0 1862 

--- -- -'-- ---- - ------ - -'- ---- -- --- --- -- --- --- -----+--------- ----- ------- ---- -- ---- --- --- -- -- ---- --. 

Po 

" ' 

" 

.. , 

Fig. 15E,F 

21 1228 
24 1440 1101 1901 
25 I'H1 ll.jloto 19b8 ,. 1100 1 jblJ 2!l25 

lOA ,01 04 

SOONE 31 OIST-DOl(l.~+C.OS. EUe ~T·J.1/2 
10 JAN 71 

PLOTS tu FI r 41-Hi 
LEAST JUUl 01 ST 

••• 013 ••• 

p 

01 385 
02 411 
03 490 
04 5]2 
05 b lit 
Db bsa 
07 675 
06 707 
09 7lb 
10 145 
II 717 
12 Ale 
13 ~7'> 
14 IIqq 
15 'H5 
16 915 
11 1000 
16 1030 
19 10130 
20 1121 
21 11':10 
22 1280 
23 13bO 
·Z4 1440 
25 1579 
26 1700 

XBL711-2682 

T 
210 1292 
31.0 1120 
310 1)62 
"tID 1390 
490 1"4) 
533 1470 
550 1481 
581 1501 
600 1513 
61H 152" 
60;0 15.-3 
6981HZ 
746 IbOl 
770 1615 
796 lb29 
d4S 1658 
1\70 1612 
900 16066 
<4"".9 1716 

. '1'10 1738 
1049 1769 
1148 1821 
1228 1862 
U07 1901 
14lt6 1968· 
10;66 2025 



-52- UCRL-2025° 
CfRN PIOf>4-NUCLEON"EXPEAIlilENUL FITS. . . . .. FRO'" I1EIlJE. .. 8E"lG, 'i/b1 • 

ORIGIN Al tiOTTOM SCAL.Eel.O 

••• 0115 .. 
p T . 

01 80 21 1096 
02 98 II 1104 

'. Ol 1.8 l7 1\0' 
0_ 115 _I IIll 
05 140 58 1127 
Ob 192 '8 116' 
01 21" 120 1118 

•• U1 III 1\" 
0' h5 102 II'S 
10 255 151 U02 
11 271 .165 Ull 
12 276 uo UU 
Il 297 I" 1211 
I- lOl 194 Ins 
IS nl 210 U" 
16 nl. 217 1252 
17 UI 22' 1255 
II U7 225 1259 
I' l61 207 lin 
20 liS no U02 
1I 027 llO UlO .-.. ----.-... ----... -----------.. -,.;------------------.--.--~-----_ .. _----------_ .. -.. _---------_ .. ----------_ ... zz 0" l70 U62 

... 
B. 

, 
·1 
1 
1 
I' 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
I 
I 
I 
1 
( 

( 

I 
I 
I 
I 
1 
I 
I 

,( 
I 

. ' 

.. , , 

2J 532 0\0 UOO 
20 5n 050 IOU 
n 6\4 090 1441 
26 658 5ll 107. 
27 615 550 lUI 
Z8 707 581 ISOI 
29 726 600 1512 
lO 145 611 1520 
II 717 650 Isn 
)2 826 698 1572 
II 075 7461601 
lo '" 171 UU 
J5 .ZS 19' 1619 
l6 '75 145 1651 
37 \DOO no 1672 
1I 1030 900 I ... · 
JI 1010 ... In, 

" 1121 0'0 un 
01 1110 100' U,. 
U 1210 11'. 1121 
Ol 1160 IUIIIU 
00 ,4" UII 1.01 
os 1505 1372 193) 
46· 1519 I'" 1"1 

88 18 19 20 21 22 

tt 23 2_ 

U 
48 
69 

1700 1566 2025 
1180 1146 2107 
2010 1815 IUl 

DOZ627 
So 2070 1935 2180 

.A 01 02 03 04 05 
•• 01 ·0. 09 • 

BO;JNE 11 UI Sf-OO SUM IIIT-' 
7· JAN n 

PlUrs TO fIT 17-1" 
lEAST TOUL OIST 

••• 01 S ••• 

P T " 01 '8S 110 1191 
02 .27 310 1120 
·03 "0 :no 1)62 
o. 5" .1"0 1 )90 

O' ." ... 90 1"' 
o. .,8 5)) 1470 
07 .7S 'SO· 1481 

·08 707 UI1501 
O' 72b ~oo 1513 
10 74. 618 U24 
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r-----------------LEGALNOTICE------------------~ 

This report was prepared as an account of work sponsored by the 
United States Government. Neither the United States nor the United 
States Atomic Energy Commission, nor any of their employees, nor 
any of their contractors, subcontractors, or their employees, makes 
any warranty, express or implied, or assumes any legal liability or 
responsibility for the accuracy, completeness or usefulness of any 
information, apparatus, product or process disclosed, or represents 
that its use would not infringe privately owned rights. 
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