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A nine-parameter phase-shift analysis (in which the single meson "tail" is taken into ac
count) is applied to the experimental data on 150 Mev pp-scattering (the cross section, 
polarization, depolarization and rotation of polarization) by aid of a new numerical method 
(the "ravine" method). Two distinct solution regions are obtained, which are similar to 
those previously obtained for an energy of 95 Mev. The solution found by Stabler and Lomon6 

lies in one of these regions. The results are compared with the theoretical estimates for the 
peripheral phase shifts. 

1. RESULTS OF ANALYSIS 

A new numerical method (the "ravine" method) 
has been successfully used for the analysis of data 
on pp-scattering at an energy of 95 Mev. In con
trast with the generally used "local" method, this 
new method makes it possible to find the possible 
values of the scattering phases with great accu
racy .1 In the same paper, analysis was similarly 
carried out of data on pp-scattering at 142- 147 
Mev; data on the cross section u (e) and polari
zation P (e) for 17 angles of scattering2* together 
with data on the depolarization D ( 8) for 5 angles 9 

and on the rotation of the polarization R ( 8) for 
8 angles. 4 

As independently variable parameters, charac
teristic phases were selected with account of 
Coulomb interaction 60 ( 180 ), o2 ( 1 D2 ), o~ ( 3P 0 ), 

of( 3P1), o~( 3P2 ), og( 3F3), andthematrixelements 

'11~ = Re [(S~- e2;<D,)/2i] 

( 8~-t,J +1, sf is the scattering matrix with account 
of Coulomb interaction, <1>3 is the Coulomb F phase). 
Here, just as in the analysis for 95 Mev, 1 it was 
assumed that 

Im [(S~ - e2i<D')/2i] = 0, 

and all higher matrix elements were taken into ac
count in the single-meson approximation. 

*The data of Palmieri et al. 12 for angles of 18.7, 22.8, 
24.9, 46.5° and also e s; 8.3° and () 2:92° were not taken into 
consideration in determining the square deviation, for the re
sults are very sensitive to possible inaccuracies in the angles, 
owing to the large, rapidly changing Coulomb contribution to the 
cross section at small angles (4.13, 6.2 and 8.34°), and the 
remaining data furnish practically no added information. 

As a result of the analysis, two distinct solution 
regions were obtained, which lie within the limits 
shown in the table. The limits for region I are in
dicated by the criterion x2 s 2x2 ( x2 = 38 is the 
mean mathematical expectation), while for region 
II, which has a larger value of x2, the limits are 
indicated by the criterion x2 s 3x2. 

The inclusion of data on R (e) played an im-
portant role in obtaining the comparatively narrow 
separated regions. Analysis without these data 
leads to a much broader range of solutions such 
as the region obtained in analysis of the data on 
95 Mev. 1 Data are also given in the table for two 
points from regions I and II: the points 1, 2 and 
4, 5, respectively; The curves D (e), R (e) and 
A ( 8 ) corresponding to these points are shown in 
Figs. 1-3. More recent, more accurate data, 5 

containing additional measurements at angles of 
12, 21, and 31°, are plotted in Fig. 1, along with 
the experimental points used by us in the analy
sis.3 We have not plotted the curves for the cross 
section and polarization, since the different solu
tions practically coincide within the limits of ex
perimental error. 

Analysis was also carried out with data on de
polarization obtained at Harwell (cited by Hwang 
et al. 3 and indicated by the dashes in Fig. 1). This 
change of data leads only to a certain shift in the 
regions and to an increase in the values of x2• 

Data for single points of regions I and II ( 3 and 6, 
respectively), which were obtained with the 
changed data, are given in the table. It is inter
esting to note that we did not succeed in obtaining 
solutions with larger negative values of the polar
ization at angles e ~ 7 0°. 

As has already been pointed out earlier, 1 re
gions I and II are analogs of the corresponding 
regions I and II found for 95 Mev, while according 
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Limits of regions of solution and certain solutions 

Ph 
s 

Limits of Points Limits of Points 
ase 

hifts region I 1 I 2 I 3 
region II 

4 I 5 I 6 

xz <;;2XZ 37 82 62 <;;3XZ 58 68 70 
1So 11-23 16.9 15.9 16.2 -35--6 -8.8 -26.8 -14.5 
1Dz 5~9 7.7 6.8 7.6 3-10 8.0 6.4 7.7 
spo 1-11 7.6 5.0 11.8 -30--20 -23.8 -22.2 -25.1 
spl, -20--15 -16.9 -18:2 -18.0 2.5-9.5 5.2 8.7 7.3 
3p2 14-17 16.0 16.3 15.2 14-20 18.4 15.6 17.5 
~2 -3.5--1 -1.9 -2.5 -2.9 -5.5--0.5 -4.6 -0.8 -4.0 

'lJ2a -2.5-1.5 -1.4 1. 7(T) -0.9 -3.5-1 0.4 -0.3 -0.5 
3 Fa -i-4 1.1 -1.1(T) 0,7 -2,5-2.5 -2.0 2.5 -1.9 
"Yi43 -0.5-1,5 -0,08 0.9(T) 0.7 -1-1 -0.4 -0.06 -0.02 
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to the values of the 1s phase the region I is to be 
preferred. The solution found by Stabler Lomon6 

lies in the first region, but the tolerances for the 
possible values of the phase, which they derived, 
by means of the error matrix are far too low. 

2. COMPARISON WITH THEORY 

For energies of 150 Mev, the D and F phases 
and the mixing parameter can be regarded as 
"weakly peripheral," since the interaction in the 
corresponding states effectively takes place at 
distances reff :=;:j 1.5/J.L (Jl is the mass of the 7r 

meson). The single-meson approximation gives 
a value of 62 = 3.3° for the 1D phase (62 is the 
sum of the purely nuclear and pure Coulomb 
phases ) ; the estimate .D-62 = 1 o is obtained for 
the two-meson correction. The results of the 
analysis show that the two-meson phase shift ob
tained previously7•8 gives the correct sign and 
order of magnitude for the correction to the 
single-meson phase shift. If the contribution 
from the next peripheral order of approximation 
( 3-meson, and so forth) is unimportant, then the 
conclusion can be drawn that the 2-meson phase 
evidently exceeds the obtained estimate by several 
fold. Preliminary, more accurate theoretical es
timates also agree with this conclusion; they show 
that a contribution to the D phase is obtained from 
a rather broad region of integration over the mo-

FIG. 3 
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mentum transfer t beyond the closest singularity 
t = 4J.L2• In this region, the compensation7•8 in am
plitudes, which is characteristic for the point t 
= 4J.L 2, is partially disrupted; therefore, the method 
used previously (removal of the amplitudes from 
under the integral at the point t = 4J12 ) can lead to 
a somewhat lower result. 

To explain the role of the F phase and the mix
ing parameter ~ 2 , three additional variants of the 
analysis were carried out in which: 1) these phases 
were "fixed" in the single-meson approximation, 
like the higher phases, 2) the mixing parameter 
was varied in comparison with the previous vari
ant,* 3) all phases, beginning with F, and ~ 2 were 
assumed to be equal to zero. In the first and sec
ond variants, it was not possible to obtain solutions 
with x.2 less than 150. In the second variant, points 
were obtained for the first region with x.2 :=;:j 2x_2, 
one of which (point 2) is shown in the table, while 
for the second region only points with x.2 :=;:j 120 
were obtained. 

The results of the analysis thus show that these 
phases are important for the analysis of the data 
at hand, while for the solution I the deviation from 
the single-meson approximation is important only 
in the mixing parameter, and amounts to 20 - 80 

*In variants 1) and 2), the two-meson correction was taken 
into consideration for the 3F 4 state. 8 
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percent; for solution II, on the other hand, the cor
rections to the single-meson F phase and the pos
sible single-meson values of the mixing parameter 
are important. If solution I is true, and the three
meson and higher peripheral contributions are un
important for the tensor forces which make a con
tribution to the mixing parameter, then it follows 
that the two-meson approximation exceeds the es
timate obtained earlier by a factor 10-50.8 Such 
a conclusion requires more detailed investigation, 
since the authors do not see now any possibility 
for such a large increase in the previously ob
tained estimate. In this connection we note that 
for the mixing parameter we lack the compensa
tion of the contributions of perturbation theory and 
the dispersion terms, which is characteristic of 
all the remaining phases in the region of integra
tion over the transferred momentum t ~ 4JJ 2; in 
other cases, this compensation can serve as the 
source of a decrease in estimates in the use of 
the ''peripheral" method (see references 7 and 8). 
For a clarification of this contradiction it is also 
desirable to improve the experimental data so as 
to obtain more accurate phase-shift analyses. In 
this case, data on D and R at angles of (J ~ 90° 
are important for unambiguous choice of solution. 

The authors are grateful to I. Ya. Pomeranchuk 
and Ya. Smorodinskii for discussions and useful 
comments, and to S. L. Ginzburg for help in the 
calculations. 

1 Borovikov, Gel'fand, Grashin, and Pomeran
chuk, JETP 40, 1106 (1961), Soviet Phys. JETP 
13, 780 (1961). 

2 Palmieri, Cormack, Ramsey, and Wilson, 
Ann. Physik 5, 299 (1958). 

3 Hwang, Ophel, Thorndike, Wilson, and Ramsey, 
Phys. Rev. Lett. 2, 310 (1959). 

4 Bird, Edwards, Rose, Taylor, and Wood, Phys. 
Rev. Lett. 4, 302 (1960). 

5 Hwang, Ophel, Thorndike, and Wilson, Phys. 
Rev. 119, 352 (1960). 

6 R. C. Stabler and E. L. Lomon, Nuovo cimento 
15, 150 (1960). 

7 Galanin, Grashin, Ioffe, and Pomeranchuk, 
JETP 37, 1663 (1959) and 38, 47 5 (1960), Soviet 
Phys. JETP 10, 1179 (1960) and 11, 347 (1960); 
Nucl. Phys. 67, 218 (1960). 

Translated by R. T. Beyer 
229 


