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Two special features are noted of the mechanism for the pp interaction in the region of 300-640 MeV. 
1) On the basis of the results of a phenomenological analysis of pp scattering at 640 MeV, carried out 
on the assumption that strong absorption takes place in 10:! and 3P2 states of the pp system, it was es
tablished that this hypothesis is consistent with all the analyzed data on pp scattering and on the total 
cross section at an energy of 640 MeV and does not contradict these data. 2) On the basis of an ex
amination of the energy dependence of the partial amplitudes for pp scattering with the aid of Argand 
diagrams constructed on the basis of phase analysis a conclusion is drawn concerning the possible 
existence of a resonance in the pp system (i.e., Y = B = 2) with a mass M = 2050 ± 90 MeV and 
JP = 2•. Attention is drawn to the fact that the proposed hypothesis agrees with experimental data 
on the energy dependence of the cross section for singlet pp scattering at an angle of 90° in the c.m.s., 
which has a peak in the energy region of 300-550 MeV. However, for a final elucidation of the nature 
of this peak further experimental and theoretical investigations are needed. 

N the work of Kondratyuk and Shapiro[1J estimates 
are given of the partial width for the decay of a hypo
thetical quasideuteron state1> with Y = B = 2, JP = 2• and 
with a mass M = 2160 ± 60 MeV, with the aid of which 
one could explain the quasiresonance form of the excita
tion function for the process pp - 1T+d in the neighbor
hood of 600 MeV. Since these estimates are to a con
siderable extent based on the results of phase analysis 
of pp scattering[aJ which was carried out on the assump
tion that the pp system has no resonance states of any 
kind, it is useful to carry out the phase analysis at 
640 MeV anew taking into account the possible resonance 
effects noted in[1'41 . 

In the present paper we give the results of a phase 
analysis for elastic pp scattering at an energy of 6 
640 MeV with an artificial introduction of strong ab
sorption in the 10:! and 3P2 states. The domain of allow
able values for the absorption parameters has been de
termined which does not contradict the whole totality of 
data on elastic pp scattering and the total cross sections 
at this energy. A comparison of our results with those 
available at energies of 50-440 MeV enables us to 
postulate the existence of a resonance in the pp- system 
with M = 2050 ± 90 MeV and JP = 2•. 

The analysis was carried out by the method des
cribed previously in[aJ; meson production was taken into· 
account in 3Po,1,2, 1IJ2, 3 F2,a,4 and 1G4 states, lmax = 5. 
Fixed values from 10 to 90° were assigned to the ab
sorption parameters under investigation 77f 
= exp(-2Im lil,p), where Im lil,p is the imaginary part 
of the phase shift for angular momentum l and parity 
p = ± 1. Minimization was carried out with respect to 
the remaining variables with the aim of obtaining the 
best value for the agreement criterion. All four solu
tions of[sJ and solutions 5 and 6 of MacGregor et al. [aJ 
were analyzed by the method described above. 

The results of the variation are given in Fig. 1. Par-

I> sometimes such a state is referred to in the literature as an isonu
cleus [2) or a resonance in the proton-(3, 3)-isobar system. 
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FIG. I. Dependence of the criterion of agreement x2 /x2 on the 
value of the absorption parameters: a-in the state 10 2 , b-in the state 
3P2 • The points are solutions from [5); 0-I, e-11, D-Ill, +-IV. 

tial inelastic cross sections are also given there. The 
dependences obtained show quite clearly that the hypo
thesis of the existence of a strong ('11z l't 0) absorption 
in the 1D2 and 3P2 states is compatible with all the 
analyzed data and does not contradict them. The corre
sponding partial inelastic cross sections for those 11i 
which give x2/X2 :::: 1 turned out to be practically equal 
to their unitary limit. 

Utilizing more exact values for the inelastic cross 
sections we have repeated the estimates for the widths 
of the decar of the resonance with M = 2160 MeV dis
cussed in[1 . Calculations have shown that the new 
values of the widths for the decay differ somewhat from 
those obtained in[11 , but, as before, there remains a 
great difference between the calculated and the experi
mental values. The last circumstance confirms the con
clusion made inhJ concerning the impossibility of ex
plaining the energy dependence of the cross section for 
the process 7T+d- pp in the neighborhood of~ 200 MeV 
by the decay of the resonance with M = 2160 ± 60 MeV 
and JP = 2•. 

It is characteristic that beginning with 712 = 25° and 
'11~ = 25-40° all the solutions investigated turned into 
one which is close in terms of its phase shifts to the 
solution III of[sJ . 
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FIG. 3. The energy dependence 
(in the LS) of the differential cross 
section for the scattering in the 
singlet state at an angle of 90° in 
the c.m.s. in the range 100-1140 
MeV. The values of Cnn at energies 
of 575, 680, 735 MeV are averaged 
over the range of angles 87-9 5° in 
the c.m.s. The horizontal bar on 
some of the points denotes aver
aging over an interval of energies. 
The curve has been constructed 

'----0;*:;---;-!:;;---.±!-"-.i-=±::--A.,;.'Do""'O__,.,f!'="oo· visually. 
E1.s.•MeV 

An investigation of the energy dependence of the par
tial amplitudes Tl with the aid of Argand diagrams con
structed on the basis of the phase analysis of pp scat
tering17J ( cf., Fig. 2) shows that in the range of 
310-640 MeV the variation in the partial amplitude for 
the 1D2 state exhibits a nonmonotonic, looplike character 
with a counterclockwise direction of motion in the com
plex plane. In accordance with the well-known proper
ties of an Argand diagram18J and the results of 
Kondratyuk and Shapiro11 J the circumstance noted by us 
can testify to the presence of a resonance in the pp-sys
tem with a mass 2000 MeV :!'o M :!'o 2200 MeV and JP = 2+. 
The possibility mentioned by us is also supported by the 
experimental data on the energy dependence of the sing
let pp scattering at an angle of 90° in the c.m.s. 2>, which 
( cf., Fig. 3) has a peak in the energy range 
300-550 MeV. According to these data the mass of the 
supposed resonance is close to 2050 MeV with a half
width of~ 90 MeV. In connection with this we note that 
the total cross sections for meson production in pp 
collisions at energies of 381, 437, 440, and 485 MeV in 
accordance with the results of111 J also vary nonmono
tonically and are respectively equal to 0.65 ± 0.06, 
4.75 ± 0.24, 4.0 ± 1.0 and 3.35 ± 0.33 mb. A similar 
prominence in the energy dependence of the differential 
cross section for pp scattering at an angle of 5° in the 
c.m.s. is observed in the region of 400-560 MeV also 
according to the data of112J • 

Since the presence or absence of resonances in 
NN systems is fundamentally significant from the point 
of view of understanding the physics of NN interactions, 
it is desirable to check our arguments (which are to a 
certain extent speculative) experimentally. With this 
aim in mind pp scattering in the energy region 

2lThe cross section for singlet scattering as was obtained by us in 
accordance with the formula 2as(90°) = a 0 (1-Cnn(90°)) where a0 is 
the unpolarized cross section for pp scattering, Cnn is the spin correla
tion coefficient the values of which have been taken from [ 9 • 10 ]. 
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FIG. 2. Argand diagrams for pp-scattering in the region of 25-
640 MeV; a-the state 1 S0 , b-T;, the state 10 2 , c-T~, the state 3P2 • 

The numbers adjacent to the points denote the energy in MeV. 
A, Care the corresponding solutions from [ 5 ]. 

310-550 MeV should be investigated more thoroughly 
than this has been done to date. In particular, it is 
useful to remeasure the energy dependences of the 
singlet and triplet cross sections for elastic NN scatter
ing, of the total cross section and of the differential 
cross section for pp scattering in the domain of small 
angles (II s:::: 0°- 5°) and to measure the spectrum of 
effective masses of the pp system in the reaction 
PP- 1Topp. 

The authors are deeply grateful to Prof. I. s. 
Shapiro, V. P. Dzhelepov, L. I. Lapidus, and V. F. 
Dushenko for discussion of problems associated with 
the present paper. 
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