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l..A_.itrE>tbeiig:j...t .m··1o$ ea.,'. 
Recently the m.e&&urem~tof t.he np-total ud annilill&tioncross..sections 

was performed i~ a relatively wide momentum range (70 + 240) MeVIc 
[1}. The dat;a.. at 70~d 100 MeVIe are of great interest for the present 
analysis because they contain "information on the isospin I == 1 NN
scattering amplitude. One may think that at very low energy S-wave 
scattering dominates. Considering the experimental results froID the ref. 
[1], we conclude that the data at PW = 70, 100 and 120 MeVIe; are Dot 
in contradictioDwith the S-wave scattering mechADism. But to describe . 
the points above 120 MeVIe onedefiaitely needs some admixture of the 
P-wave. So later on we shall restrict our attention by the points below 
140 MeVIc and shall use the S-wave approach. Notice that at. very low 
energies the zero effective range approximation may be used, 

1 . 
!:J = ··b ok' (1)al .... '··r- a 

where the iDdex 1 denotes isospin, 41 and hI are constants, b1 > oand k 
is the c.-m. momentum, k ::;: PlolJ/2. Taking as input the values of (Ttot 

and qtlfm a.t PW = 70 and 100 MeVIe from the ref. It], we get the best 
fit for these Qbservables if tbe pa.rametets 41 and hI are: 

(2)
 

Notice tha.t the signor 41 can not be dftermined £rom the data. on the 
np scattering. Using the nllmbers from the eq.(2), we get the fip cross
sectiolls,which are tabulated in the Table 1 and are shown in the Figure 
l.Using the numbers from the -eq.(2) we get the following iip-scattering 
length: 

Al =(±3.04 + i1.14)Jm (3) 

Sign(+) iu eq.(3) corresponds to effective attraction in flp-system and 
vice vers&hom the eq. (3) we get,that 

lim j3t7:;; =lim IMr: =60.2mb. (4)_-0 .-0 
2.The'pp-scattering case 

The pp-Coulomb~R1odificdsca.tt.~ring length .4" is dct.erminedfrolll the 
shift a.nd the width of the Is-level of the pp-atom. The purdy hadronic 
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scattering length A. is connected with Au· by the well-known Schwinger 
formula [2}. In connection with the pP-case the relation between A. and 
Ac.. was reconsidered carefully in ~he paper {3}. In what follow-Bwe shall 
use the results for A. from the recent papers [4] and [5]. 

One may get the expression for the purelyhadronic pp-scattering am
plitude I~ using the two--channel formalism, developed long ag~ in the 
paper (6), see also more recent paper [7J..In the .notations of the ref. [7] 
the elastic pp-amplitude has the form: 

/;"(1:) = (022 - ip)/«(all - ik}(a22 - ip)-aua21) (5) 

If isospin is not violated dynamicaUy, the matrix elements aij of the it
matrix :i' = (M - ip)-l,are related to scattering lengths Ao.I of definite 
isospin,see,~.g.,refs. [8]: 

1 1 1 
au =an == 2(Ao + AI) (&) 

1 1 1 
au =au = j(Ao - .04 ) (6b)

1 

In the eqs. (6&) and (6&) Ie and p. are centre of mass momenta for 
the ~ and the nfl-SYstems correspondingly. Notice, that below the . 
fin -threshold the momentum p becomes purely imaginary. Considering 
the equation (5) at k = O,~e may get the relation between the purely 
hadronic pp-scattering length A. and the scattering lengths Al and Ao. So 
we may find the value Ao from this relation. It is presented in the Ta.ble 
2. The tree different varia.nts of A., entering the Table 2, are taken £rom 
the reference [4]. The first row in that Table corresponds to the shift and 
width of the ISo-atomic state.The second row is the mean value among 
the four spin averaged quantities for A.,mentioned in the ref. [4}.The last 
row refers to the PS175 experiment, which determined mostly the triplet 
351 width and shift.ln the Table 3 we also give results for fM;;n at 70 
MeV/ c,which follow from our consideration. The .experimental result for 
this quantity is [9}: 

{3Q;;'(Prcb =TOMeV/c) ~ (33.2 ± 1.7 ± 1.8)mb (7) 

Looking at the Table Z, we conclude t •that the result of the calculation 
for {3Qp;n at 70 MeV/ c depends crucial on the choice of A•.The today ts 
experimental situation is in agreement with the choice of A. as being 
taken from the experiment wit~ protoniumin the 3S1-state. So one may 
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think that the main contributioXlS to both fi.~ &ltd IP -Cf0$8..seetions a.t 
very low energies come from the tripletsca.ttering. 

Here we have to m.ention th.e.t solutions, presented in the Table 2, ha.ve 
positive sign of real pen of AI.We were not able to find the solutions for 
Ao consistent with the unitarity condition,if ReAl < O.The results of 
caJculations Cor the pp--cross..secti9nsl with A, from the third row of the 
Table 2, arepreseuted in the Ta~le 3 and are shown in the Figure 2. 
We see from this Figure, that cross-sections have sorne irregularities, ev
idently coDJt«sd with the fin-threshold. 

3.Tbebeh.vigwoft,h9re,1-to-imaginU'yratio ' 
of t'be 1P:!1••tiC~'f' .iltteriog' amplj~u.4e 

Results of the paper flO] lor the ft.metiOD peE) == Refpp(OO}/bnfpp{OO) 
still remain a puzzle. The attempts to describe tlle behaviour of peE) with 
usual optical potential models were unsuccessful, see, e.g. the paper Ill]. 
Notice, that the routine fit in the effective range approximation based on 
data above the momentulD 180 MeVIe also reproduces the behavLll of 
peE} unsatisfactory {12]. 

Looking at the Table 3,we realize,tlulot in Qur approach the function 
peE) changes its sign just near the nn- threshold.' So ~he unexpected 
sharp behaviour of p(E) is linked with the presence of the second iin
channel in the fip-problem.This was the main point of the explana.tion 
for ihe p(E} behavio,ur, given in the paper {13].But as follows £rom our 
consideration,the sharp dependence of p(E} is connected not only with 
the nn-threshold by itself, but also with some special relation between 
the two scattering lengths,Ao and A1,which follows from the condition: 

(8) 

The inequality (9) takes place in our case as both A o and Al have rela
tively large values of'r~al parts but of oppositesigns.Undcr this condition 
the isospin brea.king is enhanced and provides the changing of the sign 
of t.he real part of the pp-scatteringamplitude.In the Figure 3 we give 
as an illustration the ArgMd plot for the purely hadronic ppa scatt<.>ring 
amp)itud~ in the lUoment~m range O~ "M :5: 140 ~{eVIe. 
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4.Tbe~de!P"-. Aftllllld".' ,• 

KllOwingAo.aDd At, WI!:may cakalatecross aectioaafOt~yNN system. 
. It is useful to da.rify the snuationWith the c:barge Q:cb&ngepP -+ iia reac~ 
non. The·~sectioufor thi$ ~Oll iB a crUcialpoim.of the proposed 
theoretical sceDarlo as· for·Pw ~ 1$0 MeVIc it is bown to be amall,much 
smaller than the elastic cross section at the saDle energy. The· results· of 
the calculation for the S~wave pari of the total charg~x~cros,s. 

section are given in· the Table 4, see alao Figure.. From this Table we 
see that the S~wave part of the cliarge-exchange croes-::tecUOD. is smaller 
than the experimental value [14]: 

VCII = (12.5::1: 1.5)mb (9) 

So our·solution is not in CO:ntradi£ti01l with thetoday's experimental sit~ 

uation for charge.-e..~changecros&oSeCtion as well. Notice, that we predict 
the existence of maximum for this cross section near the momentum 120 
MeV/ c. So it would be desirable· to check experimeniallyour predictions 
forf7p. 

5.Concluding remarks 

i) The presented phenomenological analysis of the low-energy liN-problem 
is based OD the current experimental situation for· the iip-ct"OSlrsections 
[lJ. So the parameters, extracted from our· anal)-sis, ~ay be chan~ it 
the Tip data. win be changed. But the whole picture for np,pp~ jip-a.tom 
and the p(E) behaviour seems to be selfconsistent. So one may hope,that 
in the future experiments. we shall not get drastical ~hanges for all the 
np- and W-crOSSsediOllS in this low-energy region

ii)Our analysis is based on· formulae for spinless particles.. The main 
reason for this approach is- a real absence of any polarization experimeut 
in this region excluding some atomic data. Nevertheless we maDaged to 
get some indirect information thai the observed structure comes mainly 
from the triplet pp-sta~es of both. isospin. 

iii)The observed sharp beak~like behaviourol the proton formfador 
near the threshold in the time-like region [15] is probably connected with 
the energy behaviour of thepp--scatteringamplitude. This is in agreement 
with, the statement, that the puzzle takes place in the caseo! triplet 381 

state. 
iv)We are not. going to ~ here.m. d.e1ailsthe. sillplarities of ihe 
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.NN-amplitl1des &8 some u1lUlericals,taken as input in our consideration, 
JIJR becb:aageQ. NeverthelessusiDI thetoday's experimental data on 
the A~oss-sectiODB;we get a pole forte iip-8Catteringamplitude. It 
correspouds to virtual (antibollDd) ltate,shifted into the co11lplex plane 
m the presence of absorption.. So we get &11 eft'ective ·attractioD in the 
iaospin I =1 triplet &tate. On contrary·as it follows from the Table 2, 
for iaospin 1 = 0 we defuljtelyget repulsion. 

We 1Iife grateful to'K.G.Bore&kov, C.Guaralc:1o, B.OJCerbikov., V.G.Ksen
-.v aad PAVoDamtaky for'Uefu}-di8CuIliolts. 
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Table 1 
PlU(MeV/c} , tI- ~ fJtr"" /J6''''' 

20 1158 .. 2411 11.4 S2~7
 

40 988 2045 1051 81.1 45.0
 
6D 832 1-425 593 91.1 37.9
 
10 162 1228 466' 91.& 34.7
 
80 698 1071 373 91.3 31.8,
 
90 639 944 304 90.5 29.1
 
100 587 838 251. 89.2 26.1
 
110 539 748 210 87.7 24.5
 
120 496· 613 171 86.0 22.6
 

Thenp-cross-sections (mb). 

Table 2 
A"fm Ao,fm {3~ at 70 MeV/c 

-0.82 + il.21(lSo} -1.99+ iO.91 51.4 mb 
-0.88 + iO.84 spin averaged -2.00 + iO.60 40.0 mb 

-1.17 + iO.63{3S1) -2.23 + iO.42 31.8 mb 

Table a 
Pl4b Ec.m. ~ ~ {JtI- P 
20 0.107 1183 86.0 6.0.8 -L60 
40 0.426 436 58.4 39.8 - L36 
60 0.959 232 48.2 33.3 -1.11 
70 1.306 167.1 44.3 31.8 -6.95 
80 1.705 114.4 40.8 31.0 -'1.73 
90 2.158 74.8 38.3 31.1 -0.37
 
100 2.664 141.3 54.4 39.4 0.24
 
110 3.224 213.6 68.7 43.1 G.01
 
120 3.837 240.3 73..1 42.3 0.02
 

The W-ClOSS-sections (in mb) and the ratio p =&/",(oo)/Im/jtp(OO). 
The, energy Ec.m. is given in MeV, the threshold energy Eth = 2.6MeV. 
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Table 4 
pw(MeV/c) Q'CE(mb) 

100 9.9 
110 19.2 
;120 19.4 
130 18~O 

. 140 16.2 
150 14.4 
160 12.7 
170 11.1 
180 9.8 
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Fig.I. The np--total and annihilation cro88-sectio~~~(in mb). Curve 1 
corresponds to pqloC ,curve 2 to fJulfRn• Experimentaf'dtlta are taken from 
ref. [l} 
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Fig.2a.The pp-total and annihilation cross-seetions (mb}.Curve I corre
sponds .to {J(ftoC ,curve 2 to {3(TOTm .Experimental cross-section at PW = 
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Fig.3&.The Argand diagram for the pP stroDg el~ic scattering ampli.. 
tude. 
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