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This is a continuation of the nucleon-nucleon 
phase shift analysis by the Yale group [1, 2] 
in the 0—350 Mev range combining information 
at many energies making use of additional 
data. The procedures used differ from the older 
mainly regarding the treatments of experimen­
tal uncertainties and of one-pion exchange 
(OPE), combined employment of gradient and 
least squares adjustments and more systematic 
smoothing of correction functions. The quantity 

was minimized [3]. Here / specifies a set of mea­
surements at one energy, ij == / a particular 
measurement, w\ = l/(Az/|) 2 the statistical 
weight of the measured value y\ having a rela­
tive uncertainty Ay{, i)| the theoretical expres­
sion for y\ in terms of phase-parameters collec­
tively denoted by 8, e7- - 1 / (A/10 2 the stati­
stical weight of the measurement of the norma­
lizing Aj as A* = 1. The A>6 is a parameter 
playing formally the role of a 8. The y\ is con­
sidered as corresponding to the «theoretical» 
quantity Ap\\ = ^ while A? (A6, 8) has the 
form Aj (8 6 , 8) = A&. The form of (1) is such 
that the error matrix method can be directly 
applied. Eliminating the Aj from the equation 
the elements of the equivalent matrix are obtai 

The matrix [mSn-f)] 1 was used in place of 
m " 1 in the first reference of [1] after replace-
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Fig. 1. Singlet even phase shifts K0K2 m r ad ians as 
a function of labora tory energy E in MeV. Ful l lines 
for YRB1 (/C 0), dashed for YLAM. Designat ion of 
points from «single energy» searches in this and the 
following figures; M from [4], K from [5] , MAD 
from [6]; 5 from [7], S 1 3 and S 1 6 from [8] , P from [9], 
H from [10], S IGA from [11] wi th searched phases 
supplemented by those from Amat i , Leader and Vi-
ta ls ' s dispersion t r ea tmen t , SIGA wi th unsearched 

O P E phases [11], AT from [12]. 



ment of dlddp by Z(dbp/dapq)d / d 5 p in order 
to calculate ( A a p r A a g s ) in the notation of that 
reference. If the «measured» a(0) are obtained 
from relative values normalized to an available 
measured otot the listed a(0) are used with 
8 ; = 0 and the Gtot are treated as separate inde­
pendent data. OPE is used for any (L, /) pair 
at energies below Em(L, J) only when no defi­
nite improvement results from releasing the 
phase-parameter for E < Em (L, Prelimi­
nary searches were made by the gradient me­
thod; the final by the least squares equations 
employing Eq. (1) in the linear approximation 
to the variation of the v\{Aj( ). In previous 
work graphical smoothing was done between 
the employment of sets of correction function 
[1]. In newer work this was supplemented by 
a least squares adjustment of a smooth analy­
tically specified function covering a wide ener­
gy range in order to subordinate the influence 
of subjective judgement. 

New data were aided in two main stages. 
In the first 722 data were used for p — p and 
758 for n — p searches as compared with 541 
for YLAM and 293 for YLAN3M. In the second 
stage 780 data at 97 energies were used for 
p — p , 762 data at 85 energies for n — p 
searches. For p — p the change in OPE treat­
ment as well as elimination of most data lum­
ping and abridgements in compounding expe­
rimental uncertainties gave phase starting 
with YLAM. Replacement of K0 from YLAM 
by the t from YRBI, inclusion of newer data 
and of the newer error treatment gave then 
after researching, including that of Ko the 
phase set YRBI (/Co); similar employment 
of Ko from YLAM gave phase set YLAM (Ko). 
The [3] F2 start was from the Yale potential. 
The shape of the Ko versus E plot for YRBI 
(KQ) and that of a few other phase-parameters 
is smoother than for YLAM and YLAM (K0). 
The T= 1 parameters of YRBI (Ko) were used 
in searches for T = 0 phases. Starting with 
YLAN3M and treating OPE as for p — p, 
the phase set YLAN4M was obtained. Some 
of the T=l phases are shown in Fig. 1, 2, 3. 
Dashed lines are used for YLAM and full ones 
for YRBI (Ko)- The legend to Fig. 1 explains 
designation for points from single energy deter­
minations of other workers [4—12]. Coupling 
parameters are not shown. Single energy deter­
minations agree sometimes better with one than 
the other of the two «all energies)) fits. Fig. 4, 5 
show some of the 7 = 0 phases for YLAN3M 
and YLAN4M, with dashed and full lines of 

the former and latter respectively. Uncertain­
ties of YRBI (Ko), YLAN4M obtained by the 
parallel shift prodedure [1] are indicated by 
error bars and do not allow for relative varia­
tions of phases within rather wide energy regi­
ons. The error limits may therefore be too 

Fig . 2. Phase parameters 3 6 0 , 3 6 ^ , 3 6 £ . Po in t s desi­
gnated as in Fig . 1. 

narrow. Furthermore they do not allow for 
other grooves in the hypersurface of D versus 
the phase parameters. Joining to data below 
9.7 MeV for p-p and 13.7 MeV for n-p 
can be improved and the possibility of diffe­
rent fits with D values not significantly larger 
than those for YRBI (K0) and YLAN4M exists. 

Illustrations of differences in quality of re­
production of experimental values by means 
of the new as compared with the old fits are 
shown in Fig. 6. Much of the new p — p data 
consists of P(Q) measurements. The influence 
of the 213 MeV p-p and 350 MeV n-p data is 
clear from comparisons with o (0) in Fig. 6. 
Outstanding discrepancies of YRBI (Ko) with 
some of the measured values of triple scatte­
ring parameters exist especially for A and part­
ly for D. 

Magnetic moment effects with allowance 
for wave distortion [13] have been included 
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Fig. 5. Phase shifts Kit K3, Kb; M' from [12] . F i g . 6. Comparison of YLAN 3M and YLAN AM 
with exper imenta l differential cross section a t 

£ l a b = 350 MeV. 



throughout leaving OPE as the only long 
range effect. Preliminary values of the pion 
nucleon coupling constant which remain to be 
further improved especially regarding the pre­
setting effect [14] correspond to (go)p-p = 
= 14.57 ± 0 . 4 2 and (g2

0)n-p = 13.87 ± 0.24, 
the fractional spin-spin modification of OPE 
is 0.046 ± 0.062 for p-p and 0.004 ± 0.037 
for n-p; the central addition 0.18 ± 0.15 and 
—0.16 ± 0 . 5 1 respectively. No definite indi­
cation of violation of long range charge inde­
pendence or of the theoretical form of the OPE 
is apparent in new tests of short range charge 
independence either. 
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DISCUSSION 

Y u . M . K a z a r i n o v 

Dr. Breit, what is the energy dependence of the para­
meter pi in your new analysis? Here there seems to be 
strong disagreement between your result and the data of 
previous analyses performed for fixed energies. 

G. B r e i t 
I unde r s t and t h a t Dr . Kaza r inow ob ta ins a nega­

t ive va lue for th is pa rame te r and t h a t th is resul t 
agrees wi th t h a t of Pe r r ing witi i the l imi t s of error . 
I do not have a s l ide along bu t can make a sketch. 
The va lues ob ta ined from the m a n y energy analys is 
are not too cer ta in *, bu t since more da t a are used 
the effect of expe r imen ta l errors is expected to be 
less serious t h a n for single energy ana lys i s . The sign 
of Qi ob ta ined in the m a n y energy analys is is the same 
as t h a t ob ta ined in models of the in te rac t ion (poten­
t ia l models) , 

W i l s o n 
I wish to r emark t h a t Professor Bre i t ' s compar i ­

son of charge independence appl ies only to high angu­
lar m o m e n t u m s ta tes given by the per iphery of the 
nucleon. 

I do not see how this is inconsis tent wi th the dif­
ference between the P P effective range and the N P 
s inglet effective range t h a t one ob ta ins on a na ive 
in t e rp re t a t ion of the da ta . The la t te r includes core 
te rms and could be caused by higher mass mesons. 

G. B r e i t 
I did not mean to say t h a t tes ts of long range char­

ge independence show t h a t there can be no disagree­
men t in the effective ranges of n-p and p-p in the 
lS0 s t a t e a l though they have a bear ing on the ques t ion . 
I had p r i m a r i l y in mind the tests of short range charge 
independence performed by our group. In these the 
T = 1 phases de te rmined from p-p are compared wi th 
those from n-p da ta employ ing the ^ as well as 
o ther phases . The energies involved are higher than 
those t h a t ma t t e r for the effective range . 

I t might also be ment ioned especia l ly in connect i ­
on w i t h the discussions at the Par i s Conference tha t 
the long range tai l of the one pion exchange poten­
t ia l in t roduces higher te rms in the effective range 
expans ion . As the wave function m a x i m a go through 
the po ten t i a l ta i l a wavyness is in t roduced in the 
phase shift — energy dependence . Such a phenomenon 
can be seen in an old Yale group paper of abou t 6-
8-years ago. When the higher terms are int roduced 
in the analys is the conclusion regard ing the n-p 
effective range being the smal le r one becomes more 
doubtful . 

* N o t e i n p r o o f . At the t ime of publ ica­
t ion of YLAN3M and of o ther fits there were other 
p remis ing fits wi th a different sign of Q t e i ther in the 
whole or in pa r t of the 13-350 MeV energy region. 
In pa r t i cu l a r Y L A N 3 from which YLAN3M arose 
was nega t ive at the lower energies and pos i t ive above 
about 200 MeV. 

12 


