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ABSTRACT

Forward dispersion relations are used to determine the pion-micleon

coupling constant and S-vave scattering lengths using a least squares fit

with additional parameters introduced to take account of the uncertainties

in the calculation of dispersion integrals. The values obtained are:

+ 2a = (15.1 ±{78.0 ± 2.1)-1CT3, ax-a3 = (272.1* ± 12.3)'10~
3 ,
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INTRODUCTION

Several authors have published values for the pion-nucleon coupling

constant during the past few years but there is s t i l l much disagreement

among the results obtained using different methods and data, as can ne seen from

Table I . The calculation of Samaranayake and Woolcock (1972) was performed

before the experimental data of Carter et a l . (1973) vere available hut the

tota l cross-section data of tne same group (Carter et a l . 19T1) vere used.

Eugg et a l . (1973) have used their own data (Carter et a l . 1973) In cal -
g

culating f by taking a weighted average of value3 obtained from fixed t

dispersion relations at different values of t , uaing the B amplitude.

They also mention that the use of forward dispersion relations for the D

amplitude resulted in a shallow minimum near f = 0.08. Hence they have

used the D amplitude only to calculate the S-vave scattering lengths

inserting the value of IT obtained from the B amplitude. Woolcock (l97'O

has shown that the above calculation ahould he corrected to give a smaller

value. Ayed and Bareyre (1973) use a Saclay phase-shift analysis to obtain

a still smaller value for f . Hite et al. (1975) use an interior dispersion
+ 2

relation for the B amplitude to calculate f . They use two seta of data;

the CERN phase shifts (Almehed 1972) and a modified version of the phase

shifts of Carter et al. (1973). They find that the B~ amplitude does not

yield satisfactory results. In their calculation, the integrals in the un-

physical region are not calculated but are assumed to Tse a smooth function and

are approximated by a Taylor series expansion which is incorporated Into the

fits. They fit the data with equal weights,but a weighted average of the

resulting values of f is quoted as the final result.
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In the present determination of f we use forward dispersion

re l a t ions f i t t e d vj-th two addit ional parameters t o account for discrepancies

in the dispersion in tegra l s in the low-energy and unphysical regions . The
2

resu l t ing values of f and other parameters are then used to ca lcu la te the

S-wave sca t t e r ing lengths .

METHOD MD DATA

The dispersion r e l a t i ons for D~(w) defined in Samaranayake and

Woolcock (1972) are used in t h i s ca lcu la t ion . Throughout the paper the

notat ion used i s again tha t of Samaranayalte and Woolcock (1972). The

dispersion relations

where

= 2f2w

tu'(w'2 - </ 2TT2 J

are rewritten in the form:

with

CU) ,

J ujT (.03' ± to) l, 2 I u)' 1 toT-w iii '+OJ J

The dispersion integrals I ~ were calculated as in Samaranayake

and Woolcock (1972) and the contribution from the unphysical region and

effects of charge exchange scattering were included. The high-energy contri-

bution was corrected using the parametrizatioti
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1U.U + 1.56 in P + 29.1, = 2.62 p-°- U 3

of Hendrick et al. (19T5). The changes to I (w) in the interval 10 GeV to

infinity were:

I (li) changed from 0.8U0.10 to O.657.10"3

( ) -9 0
I (u) changed from 0.5^0.10 t o 0.5T0.10" .

Although the con t r ihu t ions from the unphysical region were included

a8 mentioned e a r l i e r , we in t roduce two add i t i ona l parameters t o account for

the d iscrepancies in the i n t e g r a l s in the low—energy and unphysical regions

by wr i t ing

where 1° denotes the calculated values of the integrals. The dispersion

relations can now he written as:

and calculated values of D+(w) and I+Cw5 can ̂ e used in a least squares

fit with f , C, & and A as parameters.

Fits were made using several combinations of data and the results

are listed in Table II. The CEHH data points discarded in the calculation

of Samaranayake and Woolcock (1972) were tried again and the ihZ and 165

MeV data points were used, the others being discarded as earlier. The 19U.3

MeV data point of the Carter (1973) phase shifts was also discarded as it

contributed more than 6 to S, the weighted sum of squares of residuals.

Thirteen different combinations of thp four data sets ii,b,c,d were \saed
2

in the least squares fits first with only f and C as parameters and

then with all four parameters.

RESULTS HMD COHCLUSIONS

can be
The results obtained, as^seen in Table I I , are as varied aa those

of previous authors appearing in Table I . A3 we have allowed two parameters

to account for the discrepancies in the dispersion integrals , our errors

are larger than those of some of the previous calculations.

... _ . - i t -



The four parameter fit givea a tetter fit than that with two parameters

In all eases except data set d .which does not have a sufficiently large

number of data points to give realistic results for the four parameter fit.

In the two parameter fit, the GEKH and Carter data taken by themselves give

values for r vhich are very different from each other and very much lower

than the recommended value (Ebel et al. 1971). The inclusion of the very lov

energy data (data set c) considerably increases the value of r . The four

parameter fit increases the value of f and here again the very low-energy

data play a very noticeable role. More experimental data in the region below

100 MeV are needed if we are to improve on these results.

We are not in a position to select one data set as giving better

results tban another. We feel that the present situation is test described

by the combination of all four data sets (a+b+c+d) and quote the values ob-

tained for this comtination as our final result:

f2 = (78.0 ± 2.1)-10"3 ,

C = (-59-7 ± 3.51-1O"3 ,

(1.8 ± 1.

~ 3A_ = (-it.5 ± 1.6)-10~3,

S = 106.2 for 106 points.

The above values vere then used to evaluate the S-wave scattering
lengths. The integrals I"{y) evaluated in Samaranayake and Woolcock (1972)
were corrected for the high-energy contribution to give

I c ( + )(U) = 117-O-1O"3 , Ic{"}(u) = -1+9.3-1O"3 ,

and these in turn were corrected using the values of A + to give

I (v) = (115.7 ± 2.0).10"3 , I^~'(u) = (-52.1* ± 2,0)-10"3 .

The results for D~(u) and the scattering lengths are:

D ' + * ( U ) = to.058 ± o.oi*o)-io"3,

D (y) = (1.01*3 ± 0.0l*7)-10~3,

a;L-a = (272.1* ± 12.3)-10"3,

a + 2a = (15.1 ± 10.1*)-10"3 .
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Table II

data set

a

b

d

a+t

a+c

a+d

b+d

c+d

a+b+c

a+c+d

a+b+d

b+c+d

a+b+c+d

i

f2

0.0751* *

0.0835 ±

0.0712 +

0.0802 ±

0.0663 ±

0.01*98 ±

0.0761 ±

0.0773 ±

0.0769 +

0.081*2 ±

0.0753 ±

O.O807 ±

0.0625 ±

0.0637 ±

0.0767 ±

O.0718 ±

0.07S2 ±

0.0779 ±

0.0767 ±

0.0817 ±

0.071*7 ±

Q.0l6h ±

0.0705 ±

0.071*2 ±

0.0759±

0.^730 ±

0.0022

0.001*2

0.0091

0.0011*

0.001*7

0.0213

0.0021

0.0023

0.0020

0.0038

0.0019

0.0038

0.001*5

0.0051*

O.O0U1*

0.0168

0.0019

0.0021

0.0019

0.0035

0.0020

0.0022

0.0031+

0.001*1

0.0018

0.0021

C

-0.1022 ±

-0.1211 ±

-0.1280 +

-0.11*1*1* ±

-0.1035 ±

-0.1501* ±

-0.1078 ±

-0.0990 ±

-0.1036 ±

-0.1226 +

-0.1013 ±

i*-o_.ii5o $

-0.1166 ±

-0.1062 ±

-O.lQltQ ±

-0.11*12 ±

-0.1089 ±

-0.1012 ±

-0.1023 ±

-O.II69 ±

-0.1061* ±

-0.0980 ±

-0.1168±

-0.1091* ±

-0.1070 ±

-0.0997 "±

0.00E8

0.0100

0.0037

0.0103

0.001*3

0.0380

0.0025

0.0038

0.0028

0.0091*

0.0021*

0.0085

0.0032

0.0062

0.0053

0.01*01*

0.0021*

0.003S

0.0021*

0.0082

0.0022

0.0035

0.0069

0.0061*

0.0022

0.0035

S

39-3

32.7

32.3

30.2

7.3

6.1

101.1*

87.6

1*6.2

37.8

1*7.9

If3.3

55.9

52.0

16.5

11.9

106.7

55.0

1*8.5

112.9

99.3

63.2

60.7

118.1*

106.2

number of
data points

31*

55

12

89

39

1*6

67

17

9*i

51

101

72

106

Results obtained from the Iea3t squares f i t s . For each data s e t , the f i r s t l ine
of values are from the two parameter f i t ( l ) and the second from the four
-iire^-eter f i t 1.2). T:.e data sets are (a) Lovelace (1968) 215-270 MeV,
(b) Lovelace (1968) :J1O-1935 MeV, (c) Fischer and Jenkins (1959) 5-229 MeV,
(.1) Carter e t i l , '• "^) R85-291 MeV (see t e x t ) .

-6-



The -mine for a,-a3 is consistent with, the previous calculations tut

the result for a.. + 2a gives a positive value which, remains positive even

vithin the errorB. This contradicts most calculations performed earlier but

is still vithin the errors quoted by Ebel (1971)• This value is dependent

on the parameter C and is sensitive to the data used. Uae of the two

parameter fit value of C vill of course reduce the value of a^ + 2a .

Here again we need more accurate low-energy data in order to obtain an

accurate value for this parameter.

In this paper we have shown that the parameters are sensitive to the

dispersion integrals and that a better fit to the data can be obtained by

introducing the tvo additional parameters to account for discrepancies in

the integrals. This has resulted in our obtaining a new set of parameters,

which can be used until more accurate experimental data are available for

a detailed study.
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