DIRECT RECONSTRUCTION OF np ELASTIC SCATTERING AMPLITUDES BETWEEN 0.80 AND 1.1 GeV

J. Ball^1 , J. Bystricky^1, J.-M. Fontaine^1, G. Gaillard^2 , R. Hess^2, Z. Janout^3, B.A. Khachaturov^4, R. Kunne^5, C.D. Lac^1, C. Lechanoine-Leluc^2, F. Lehar^1, A. de Lesquen^1, D. Lopiano^6, F. Perrot-Kunne^1, D. Rapin^2, L. van Rossum^1, H. Schmitt^7, and H.M. Spinka^6 1. DAPNIA, CEA/Saclay, 91191 Gif-sur-Yvette Cedex, France, 2. D.P.N.C. University of Geneva, 24 Quai E. Ansermet, 1211 Geneva 4, Switzerland, 3. Faculty of Nuclear Sciences and Physical Engineering, Czech Technical University, Břehová 7, CZ-11519 Prague 1, Czech Republic, 4. LNP, JINR, 141980 Dubna, Moscow Region, Russia, 5. Institut de Physique Nucléaire IN2P3, 91400 Orsay, France, 6. HEP Division, ANL, 9700 South Cass Avenue, Argonne, IL 60439, USA, 7. Fakultät für Physik der Freiburg Universität, D-79104 Freiburg, Germany

Direct reconstruction of the neutron-proton elastic scattering amplitudes was carried out at six energies from 0.80 to 1.1 GeV. Complete sets of spin-dependent observables used in the reconstruction were measured in the Nucleon-Nucleon experimental program at SATURNE II. At 0.80 GeV LAMPF data were also used. The invariant amplitudes a, b, c, d, and e were fitted to the experimental data by the method of least squares. A search for solutions starting from random initial values was performed to determine different possible sets of amplitudes. The real and imaginary parts at several angles are shown and compared with the predictions of two phase shift analyses.

Puzikov, Ryndin and Smorodinskii^1 introduced the concept of “complete experiment” for the case of Nucleon-Nucleon (NN) scattering. A set of measured observables is complete if it contains sufficient information for a description of the interaction. It may be used to perform a direct reconstruction of scattering amplitudes (DRSA) without any theoretical input.

Complete sets of observables in np elastic scattering, consisting of eleven different spin-dependent quantities were measured at 0.84, 0.88, 0.94, 1.00, and 1.10 GeV at SATURNE II. The np differential cross sections, which provide absolute normalizations to amplitudes, were obtained from a fit to all existing data^2. At 0.80 GeV DRSA was performed using the Saclay data together with published LAMPF results at 0.788 GeV (see Ref.^3).

The np scattering matrix is a combination of the isosinglet and isotriplet matrices. Since the amplitude symmetry properties for each isospin are different, no symmetry relations for np elastic scattering amplitudes with respect to 90^∘CM exist. We determine the complex scattering amplitudes a, b, c, d, and e, assuming parity conservation, time reversal invariance and isospin invariance throughout. The scattering matrix has the form^4

M(⃗k_f , ⃗k_i) =^1_2 [(a + b) + (a − b)( ⃗σ_1, ⃗n)( ⃗σ_2, ⃗n) + (c + d)( ⃗σ_1, ⃗m)( ⃗σ_2, ⃗m) +(c − d)(⃗σ_1, ⃗ℓ)(⃗σ_2, ⃗ℓ) + e(⃗σ_1 + ⃗σ_2, ⃗n)] (1) where ⃗σ_1 and ⃗σ_2 are the Pauli 2x2 matrices, ⃗k_i and ⃗k_f are the unit vectors in the direction of the incident and scattered particles, respectively, and ⃗n, ⃗m and ⃗ℓ are the c.m basis vectors.

Observables will be denoted as X_{srbt} with the subscripts referring to the polarization orientation of the scattered, recoil, beam, and target particles, respectively. Any observable can be expressed in terms of the five amplitudes from Eq. 1, for instance dσ/dΩ = [|a|^2 + |b|^2 + |c|^2 + |d|^2 + |e|^2]/2, or a spin correlation (dσ/dΩ)A_{ookk} = −ℜe a^⋆d cos θ + ℑm d^⋆e sin θ + ℜe b^⋆c, where θ is the center of mass scattering angle (see Refs.^{4,5}).

The observables, multiplied by the differential cross section, are bilinear combinations of real and imaginary parts of the amplitudes. One can express any amplitude A by its absolute value and phase: A = |A| exp iϕ_A. The bilinear terms for each observable are invariant with respect to a rotation of the entire system. An arbitrary common phase cancels in all observable relations. We put e = ℜe e = |e| ≥ 0, ℑm e = 0, ϕ_e = 0. All phases are then relative to ϕ_e, and only 9 parameters are calculated.

The search for solutions was repeated several hundred times. One to three solutions remained at each angle and energy. The real and imaginary parts of amplitudes are shown in Fig. 1 at 6 energies; numerical values are given in Ref.^3. They are compared with the amplitudes calculated by the Saclay-Geneva PSA^6 (dashed line) and by PSA of Arndt et al.^2 (solid line), including all measurements. For the majority of the solutions, a good agreement between the present results and PSA predictions was found. This amplitude analysis of np → np data represents a first attempt of direct reconstruction of the np scattering matrix.

References

1. L.D.Puzikov et al., Nucl. Phys. 3, 436 (1957). 2. R.A Arndt et al., Phys. Rev. C 56, 3005 (1997) SAID FA95. 3. J. Ball et al., Nuovo Cimento A 111, 13 (1998).

4. J.Bystrický, F.Lehar, P.Winternitz, J. Phys. (Paris) 39, 1 (1978). 5. C. Lechanoine-Leluc and F.Lehar, Rev. Mod. Phys 65, 47 (1993). 6. J. Bystrický et al., J. Phys. (France) 51, 2747 (1990).

3