rremng
-2
-~

UM Rh 0 AR a: 36 PRE NSRS 3 S o

NG {AEA e M RO

UK T
0 11ik0 003713_3 0

,__gmaryiratm of the forward ela.stic
ﬁp- scattenng amphtude '




Cwksyear gt Cowte

THE DETERMINATION or THE STRONG Mnnm nm AND HR
LOTION FOR 8L THE REAL~T0-IMAGINARY BATIO OF

ggmmn m’.ﬁsr’:g'muuum AMPLITODE: Prcprint ITRP 23t ’,

.t.maryavt‘dv ;n.x..tma.unm - l.; i99¢ - 1sp.

B

An -nboh of the recent onm.tx mom nd annihilation mmﬁm is

pummdhcmdmmgmnmmﬂmum The extracted scspin I = 1 _

N N-scattering length cosidered togsther with the fp- scittering length provides -
possibility to get the £ = 0 K N-scuttering length. Tl isospin viclation seemed to - .
be essential and is introduced kinemstically. The solution reproduces the known T
low-energy pp-snnifiitaton cross-section at 70 MeV/¢. The real-to-imaginaty ratio. -
oﬂhfotwdprdum amplitude changes its sign near the Ari-threshold. Some

predictions fot totll mlhﬂnthn. elustic and dm;e-nehugc crons-seéctions are
also given.

Mg. = 4; Tof. " 15

© itcraryr meoperuveckol # sRonepEMeHTATIHOY GHamkH, 1994

N

*emai KUDRYAVTSEVOVXITEP I?EP.MSK.SU




Recently the neasurement of the fip-total and annihilation cross-sections
was performed in a relatively wide momentum range (70 + 240) MeV/c
[1]. The data at 70 -and 100 MeV/c 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 from the ref.
[1], we conclude that the data at pys = 70, 100 and 120 MeV/c are not
in contradiction with the S-wave scattering mechanism. But to describe -
the points above 120 MeV /c one definitely needs some admixture of the
P-wave. So later on we shall restrict our attention by the points below
140 MeV/c and shall use the S-wave approach. Notice that at very low
energies the zero eflcctive range approximation may be used,

_ 1
fi= T (1)
where the index 1 denotes isospin, @, and b, are constants, b, > 0 and k'
is the c.-m. momentum, k = pi,/2. Taking as input the values of o'*
and 6™ ai piy = 70 and 100 MeV/c from the ref. [1], we get the best

fit for these observables if the pna.meters a, &nd b; are:
a; = +0.2884,b; = 0.1084 : ) (2)

Notice that the sign of a; can not be determined from the data on the
. fip scattering. Using the numbers from the eq.(2), we get the fip cross-
sections,which are tabulated in the Table 1 and are shown in the Figure
1.Using the numbers from the eq.(2) we get the following fip-scatiering
length:
= (£3.04 +i1.14) fm 3)
Sign(+) in eq.(3) corresponds to effective attraction in fip-system and
vice versa.From the eq. (3) we get,that

lil%ﬁo;"; = lim fof}" = 60.2mb. (4)

. 2.The pp-scattering case

The pp-Coulomb-modified scattering length 4, is determined from the
shift and the width of the 1s-level of the pp-atom. The purcly hadronic
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scattering length A, is connected with A., by the well-known Schwinger
formula [2]. In connection with the pp-case the relation between A, and
A., was reconsidered carefully in the paper [3]. In what follows we shall
use the results for A, from the recent papers {4] and [5].

One may get the expression for the purely hadronic pp-scattering am-
plitude f; using the two-channel formalism, developed long ago in the
paper [6], see also more recent paper [7]. In the notations of the ref. {7}
the elastic pp-amplitude has the form: ‘

fip(K) = (an — ip)/((an ~ ik)(azz ~ ip) ~ anon)  (5)

If isospin is not violated dynamically, the matrix elements a;; of the M-
matrix I’ = (M — ip)~},are related to scattering lengths A, of definite
isospin see,e.g.,refs. [8]: '

1,1 1
au=an='2'>2;+z;) (6e)

oLl 1
au=an=3(z- ) (66)

In the eqs. (6a) and (6b) k and p are centre of mass momenta for
the jp- and the fin-systems correspondingly. Notice, that below the
fin -threshold the momentum p becomes purely imaginary. Considering
the equation (5) at k = 0,one may get the relation between the purely
hadronic pp-scattering length A, and the scattering lengths A4, and 4¢. So
we may find the value A, from this relation. It is presented in the Table
2. The tree different variants of A,, entering the Table 2, are taken from
the reference [4]. The first row in that Table corresponds to the shift and
width of the !Sy-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
35, width and shift.In the Table 3 we also give results for ﬂa;;"‘ at 70
MeV/c,which follow from our consideration. The expetimental result for
this quantity is [9]:

Bog" (Pras = T0OMeV/c) =~ (33.2 £ 1.7+ 1.8)mb (M
Looking at the Table 2, we conclude, that the result of the calculation
for Boz;" at 70 MeV/c depends crucial on the choice of 4,.The today’s

experimental situation is in agreement with the choice of A, as being
~ taken from the experiment with protonium in the 3S;-state. So one may
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think that the main contributions to both 7ip- and pp -cross-sections at
very low energies come from the triplet scattering.

Here we have to mention that solutions, presented in the Table 2, have
positive sign of real part of A,.We were not able to find the solutions for
Ao cansistent with the unitarity condition,if Re4; < 0.The results of
calculations for the Pp-cross-sections’ with A, from the third row of the
Table 2, are presented in the Table 3 and are shown in the Figure 2.
We see from this Figure, that cross-sections bave some irregularities, ev-
idently connected with the fin-threshold.

3.The bshavigur of the real-to-imaginary ratio
of the pp-elastic ferwatd seattering amplitude

Results of the paper [18] for the function p(E) = Ref5(0°)/Im f5,(0°)
still remain a puzzle. The attempts to describe the behaviour of p(F) with
usual optical potential models were unsuccessful, see, e.g. the paper [11].
Notice, that the routine fit in the effective range approximation based on
data above the momentumn 180 MeV/c also reproduces the behavibur of
p(E) unsatisfactory [12].

Looking at the Table 3,we realize,that in our approach the function
p(E) changes its sign just near the fin- threshold.” So the unexpected
sharp behaviour of p(E) is linked with the presence of the second in-
channel in the fp-problem.This was the main point of the explanation
for the p(E) behaviour, given in the paper {13].But as follows from our
~ consideration,the sharp dependence of p(E) is connected not only with
the fin-threshold by itself, but also with some special relation between
the two scattering lengths,4p and A,,which follows from the condition:

| Reayy || Reayz | (8)

The inequality (9) takes place in our case as both Ap and A; have rela-
tively large values of real parts but of epposite signs.Under this condition
the isospin breaking is enhanced and provides the changing of the sign
of the real part of the fp-scattering amplitude.In the Figure 3 we give
as an illustration the Argand plot for the purely hadronic pp- scattering
amplitude in the momentum range 0 < pia € 140 MeV/c.

18 the Tables 3 and 4 we give the Conlomb correciod cross-sectioas
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4.The charge-exchange pp -» fin reaction
Knowing 4 and 4,, we may calculate cross-sections for any N’Nsystun.
" It is useful to clarify the situation with the charge exchange pp — #in reac-
tion. The cross-section for this reaction is a crucial point of the proposed
“ theoretical scenario as for py,; > 180 MeV/c it is kmown to be small,much
smaller than the elastic cross section at the same energy. The results of
the calculation for the S-wave part of the total charge-exchange cross-
section are given in the Table 4, see also Figure 4. From this Table we
see that the S-wave part of the charge-exchange croes-section is smaller
than the experimental value [14]:

ocp = (12.5 % 1.5)mb ’ (9)

Se our solution is not in contradiction with the today’s experimental sit-
uation for charge-exchange cross-section 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 experimentally our predictions
for ogz.

5.Concluding remarks

i) The presented phenomenological analysis of the low-energy N N-problem
is based on the current experimental situation for the fp-cross-sections
[1]. So the parameters, extracted from our analysis, may be chanwed if
the #ip data will be changed. But the whole picture for Aip,fp, fp-atom
and the p(F) behaviour seems to be selfconsistent. So one may hope,that
in the future experiments we shall not get drastical changes for all the
fip- and Pp-cross sections 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 experiment
in this region excluding some atomic data. Nevertheless we managed to
get some indirect information that the observed structure comes mainly
from the triplet pp-staies of both isospin.

iii)The observed sharp beak-like behaviour of the proton formfactor
near the threshold in the time-like region [15] is probably connected with
the energy behaviour of the jp-scattering amplitude. This is in agreement
with the statement, that the puzzle takes pla.ce in the case of triplet 35,
state.

iv)We are not going to discuss here in details the singularities of the
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N N-amplitudes as some numericals,:aken as input in our consideration,
may be changed. Nevertheless using the today's experimental data on
the fip-cross-sections; we get a pole for the fip-scattering amplitude. It
corresponds to virtual (antibound) state, shifted into the complex plane
via the presence of absorption. So we get an effective attraction in the
isospin I = 1 triplet state. On contrary as it follows from the Table 2,
for isospin I = 0 we definitely get repulsion.

We are grateful to K.G.Boreskov, C.Guaraldo, B.O.Kerbikov, V.G .Ksen-
zov and P.E.Volkovitsky for mfnl -discussions. )




~6 

Table 1
pz.g(MeV/c) gl oM gem - gglat guena
1158 3638 2477 77.4 52.7

40 g88 2045 1057 - 45.0
60 832 1425 53 91.1 37.9
70 762 1228 466 91.6 34.7
80 698 1071 373 913 318
90 639 944 304 905 291
100 587 838 251. 89.2 26.7
110 539 748 210 87.T 245
120 496 - 673 177 86.0 226

The Ap-cross-sections (mb).

Table 2
A,fm Ag,fm Bog”™ at 70 MeV/c
~0.82 +i1.27(1S,) -1.994i0.97 51.4 mb
—0.88 + i0.84 spin averaged —2.00 + i0.60 40,0 mb
~1.17 + i0.63(3Sy) ~2.23 +i0.42 31.8 mb
Table 3

DPiad Eem o M Boor= P

20 0.107 1183 86.0 60.8 -—-1.60

40 0.426 436 584 398 -1.36

60 0.959 232 482 333 -l.11

70 1.306 167.1 443 318 —0.95

80 1.705 1144 408 310 -0.73

90 2.158 748 383 311 -037

100 2.664 141.3 544 394 06.24

110 3.224 2136 68.7 43.7 0.07

120 3.837 2403 731 423 0.02

The fp-cross-sections (in mb) and the ratio p = Re f”((l") JIm [ (0°).

The energy E. ., is given in MeV, the threshold energy E;; = 2.6MeV.
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Table 4
Ps(MeV/c) ocp(mbd)
100 9.9
110 19.2
- 120 194
130 18.0
" 140 16.2
150 144
160 12.7
170 111

180 9.8
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Fig.1, The fip-total and annihilation cmss—aecﬁéxg‘s_; (in mb). Cusve 1
corresponds to 8o** curve 2 to Bo™". Experimental data are taken from
ref. [1]
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Fig.2a.The pp-total and annihilation cross-sections (mb).Cuzve 1 corre-
sponds .to J¢** curve 2 to S .Experimental cross-section at pry =
70MeV/c is from ref{9].
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Fig.2b.The fip-elastic cross-section.
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Fig.3a.The Argand diagram for the pp strong elastic scattering ampli-
tude. : .
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