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Abstract 

The phase shift analysis of 660 MeV elastic p p - scattering has been performed. One set of phase shifts has been obtained 

in the interval x 1 :s_ x 1 ~ 2 )( 1 and four sets have been obtained in the interval 2)(2 
:::_ x 2 'S_ 3)( 1 

• The curves, calculated 

on the basis of the most probable phase shift set, for the angular dependence of the values a ( () ) , P ( () ) , C ( () ), C k ( () ) , 
n n p 

0 ( () ) , R ( e) and A ( () ) , are given . 



The phase shift analysis of NN- interaction at energies higher than the pion production threshold is of great interest. 

In this energy range the most detailed study of pp-scattering at about 660 MeV was performed, where a large programme of 

experimental investigation of elastic and inelastic pp-interaction was carried out at the Dubna synchrocyclotron. Many peculiarities 

of the analysis of inelastic interaction at 660 MeV found their reflection in the Mandelstam resonance model / 1/ according to which 

pion production occurs ooly in a small number of states. Therefore, it is reasonable to make use of this model indications and to 
1 

take into account pion production only in D and 
2 

P -states in making the phase shift analysis. Under this assumption a 
0,1,2 

number of performed experiments on elastic pp-scattering prove to be adequate for carrying out a phase shift analyois. 

Below there are given the results of the performed phase-shift analysis which permits, on the one hand, to see the picture of 

elastic pp-interaction in various spin states far from pion threshold, and on the other hand, to get indications for further planning 

6ffi MeV pp-scatterlng experiments. 

The present analysis is similar in many respects to the Kazarinov and Silin works/2, 3/ . The account of the one pion exchange 

contribution to the scattering amplitude is made by the formulas of refs./2,3,4 / with the pion-nucleon interaction constant equal 

to 0 .OS .The value of the orbit moment f mu, above which scattering may be described by a one-pion Feynman graph, was deter 

mined according to ref. / 5/ . At the time it was found that e. =4 . 
lh8lr 

In the ·phase shift analysis tlie data of papers for differential cross section a (8) / 6,7 I ( 12 points ); the polarization 

P(8) (14 points) / 8/ ; the parameters D (8) 19/ and R (8) / 10/ (10 points); C nn (8) / 11,12/ (3 points ); C kp (77/ 2) / 13/ and the 

values of the tdal cross section of pp -scattering for 660 MeV / 14/ were used. 

The parametrization of pape/15/ was taken in which phase shifts and mixing coefficients should be considered complex for 
-R -I 

the inelastic region. It was also assumed that a e = a e +i a e 
-I 

+i a P.t and for the transitions with 

where due to the unitarily of S-matrix a-I > 0 . 

e = ; ± 1 

for singlet transitions; for triplet transitions with e =i : 

In accordance with the Mandelstam model near 660 MeV the phase shifts 1D 3.. 
t' -states were taken to be complex, 

2 ' 0, 1, 2 

while the imaginary phase shifts 
1 S , 3F -sta tes and the parameter were considered to be equal to zero. The value earlier 

0 2,3 
/ 16/ .o -I 1 

obtained by Soroko ' and equal to 18.2'1 was used for a ( D } . 
1 

The phase shifts were found by the least-squares method. The search for the minimum of the functional x 1 was made by the 

linearization metho/17 I with the help of an electronic computer of the Joint Institute for Nuclear Research. After more than 100 

searches (with f ma-:4 and 
-;z 
X = 28 ) in the interval one solution ( phase shift set No I; x -1 =47 ) 

was found, and in the interval 2 )? -::_)? 9x-1 -four solutions with x 1 = 62.1; 67 .2; 82.7 and 83.1 (sets 2,3,4 and 5, 

respectively) . The phase shift sets obtained thus are given in Table I. Figs. 1,2,3 illustrate the angular dependence of experimen-

tally measured values calculated with the help of phase shift set I. 

In order to clearify the stability of solution No.I and to check the correctness of assumptions taken in the analysis solution 1 

was defined more exactly with the additional variation of the following pairs of the parameters fr ( 1s } and a I (
1 D ) 

0 2 

and 
I 

l 
2 

stant value of the criterion of fitness 

- -I 3 I 
o I ( 

3
F } and a ( F ) with c = 0 . As a results, with a practically con-

2 3 1 
- 1 

a good evidence of the above conditions was obtained, while a I ( D ) 
2 

3 



t urr.ed out to be equal to ( 14.3 + 4.3 )0
• No great change of ;.:

1
, ' \-: 

2 even with the increase of 11 
msx fro m 4 to 5 was found. 

The res ult s of thest tes ts show on the one hand , that if there is a reduction of the number of taken parameters , it is negli

gib le. On the other hand, the fact that the criterion x 2 I x2 remains constantly somewhat larger than unity, evidences to a 

probably oversta ted accuracy of some of experimentally obtained values. 

It is of int erest to note that with available accuracy of experimental data the number of solutions turned out to be s mall, while. 

solut ion I smoothly transfers ( as it will be shown in a more detailed publication ) to the a nalogue of the fir s t Stapp solution. In 

all the phase shift sets 8R ( 3 P ) <0. while o1 
( 

10 3p ) beyond errors, differs noticeably from zero with t , (). 
0 2 ' 2 2 

Both the values B R ( 
1 S ) and o-R ( 

1 D ) obtained in ref. / 12 for a solution -a for 650 MeV pp- scattering and 
' 2 ,0 2 

A ( ~2 rr ) predicted in · I agree with the values corresponding to them, given by solution No.I of the present paper. 

A more definite choice of the most reliable phase shift set will be poss ible afte r the addition a! measurements of a number of 

sca ttering pa rameters a t certain points. 

At present we are making a more accurate analysis with the account of relativistic effects. 

On completing the present work we came across pape/18/ in which its authors obtained a set of real phase shifts of elastic 
~ 3 3 

pp-scattering at 660 MeV using the averaged values of the absorption coefficients r ~ exp ( - 2 o ) in P and F 
0,1,2 '·' 

-states calculated on the basis of the Mandelstam model. The authors of the quoted paper did n d take into account the con tribu-

tions of one-pi on graph and the Coulomb interaction; they do not give the corridor of errors of phase shifts what complicates the 

quantitative comparison of the results of both the analyses. 

The calculation of the criterion of fitness which we have perf amed for a solution obtained in 1181, has led to the values 

X 2 I X- 2 ~ 3 The variation of earlier fixed imaginary phase shifts performed with the account of the contribution of the 

Coulo mb interaction and scattering with f > e msx ~4 considerably reducing x 2
, changed sharply real phase shifts, 

pro\·ided large values of S 2 (
3 

F ) , 81 
( 

3F ) and led to the negative values of imaginary parts of the phase shifts 
2 3 

- 3 - 3 
8 ( P ), o ( P ). The latter disagres with the requirement of 

0 1 

- 3 
the unitarily of S-matrix. The equating phase shifts 0

1 
( P ) 

0,1 

to zero would increase X making it as large as - 80. 

The authors are ra ther greateful to L.I.Lapidus for numerous discussions and help in performing this work. The authors also 

wish to thank V.P.Dzhelepov, Yu.M.Kazarinov, S.N.Sokolov, R.M.Ryndin, Ya.A.Smorodinsky, A.A.Tyapkin, B.M.Golovin for 

support , va luable advice and discussions. 
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Table1. 

The values of the nuclear bar phase shifts in degrees 

Phase set 1, set 2, set 3, set 4, set 5, 

2 = 47.0 x2 = 62.1 x 2 =67.2 X 2 = 82.7 x2= 83.1 shifts X 

BR('S ) -21,2:t8,5 12,B:t_6,8 - 8,5;t6,9 18,1:t5,4 - 17,2:t4,5 
0 

§"R(lP) 
0 

-J7,7:t7,4 -51,5:t6,6 -23,6::.4,1 - sR , 2:t5,o - -·(.) 5 10,1 
_.' -· ' :: \ ' 

SR( 3p) -15,2:t_5,0 - 5,7:t6,6 - 2,7:t_J,6 J5,4±_J,9 - J9 ,l.t.·t,4 1 

8~3p) 
2 

56,B:t_9,J 45,7:t2,2 -59,0:t3, 2 9,J:tl ,1 1J,O:t3,1 

BRf1D ) 4,2:±;2,7 2,2:t6,J - o ,5:t_J, 8 -1,5;±4. 8 - 4,9:tJ,J 2 

< R - O,l:t4,2 - J,l:tJ,O - 0,1;t2,7 - 0,9:tl,4 - 9 ,J:t4,6 2 

BR('F2) - 6,3::::1,1 - 7,4:t,l,8 - J,8:tl,O -l4,8:t1,5 5,9:t? , ~ 

SR(3F) J,O:t1,6 - 5,5:t,3,1 9,8:t1,0 -1J,5:t2,0 3, 5::2 , 3 I 3 

a ~3~J - J,8:tl,O - 6,5:t.0,7 6,2:t1,4 - 1,J:t0,5 7,8.!;0,7l 
BR(1G4) 7,8:tl,O 0 ,8:t_1,7 - 4,6:t1,1 2 ,0:t1, 2 - 5,5:t0 , 8 

81 (150) - - - - - I 

81 (3"o) 1' 9:t10 ,1 7,6:tl0,2 J,2;t9,0 5,6:t6,7 - ? ,6_:l O, S 

§1( 3p ) - 2,0±J,4 8,5:t_5,2 2,l:t4,5 J,~:t2,7 - 1,4j_3,5 1 

8 1 (3P ) 
2 

29 ,1 :t6,J 10,6:t2,0 20,1:t_J,2 13,2:.::.1 , 8 2 3' 8:t2 '4 
81 (10 2) 18,2 18,2 18,2 18,2 13,? 

Table of phase shifts for sets 1,2,3,4 and S. 
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Fig. 1. Angular dependences a (O), P(e), Cnn (e), Ckp(O) according to set 1. f -experimental points; 
T 1 -calculating corridor of errors. 
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Fig. 2. Angular dependences of the parameters 0(8) and R(8) according to phase shift set I. t -experimental points; 
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