ȷURNAL FIZIQNIH DOSLIDȷEN^ t. 3, ˝ 2 (1999) s. 144–146

JOURNAL OF PHYSICAL STUDIES v. 3, No. 2 (1999) p. 144–146

INTERPRETATION OF THE^3H(d,^3He) INCLUSIVE SPECTRA AT 31 MeV

B. Struzhko Institute for Nuclear Research of the National Academy of Sciences of Ukraine, 47 Nauky Pr., Kyiv–28, UA–252028, Ukraine (Received December 17, 1998)

An inclusive spectrum of the^3He ions from the^3H(d,^3He)2n reaction at the deuteron beam energy Ed = 31 MeV has been simulated taking into account neutron–neutron final state interaction and sequential decay of the 21.2 MeV state^4He^∗. It is shown that the interference effects must be considered for obtaining a satisfactory agreement between experimental and theoretical spectra. All distinctive features of the experimental spectrum at 10^0 have been reproduced with only three free parameters in fitting procedure. No confirmation has been found about the existence of neutron– neutron excited states.

Key words: deuteron, 31 MeV,^3H target,^3He spectra, dineutron, resonances.

PACS numbers: 24.10.–i.

Recently inclusive spectra of the^3He ions from the 3H(d,^3He) reaction have been measured at small angles using the 31 MeV deuteron beam [1]. Shapes of spectra are typical for such cases, with intensive peaks from the final state interaction (FSI) of neutrons on the upper edges and long tails having wide resonances on them (fig. 1). According to the authors, such a structure should be perceived as confirmation of their hypothesis about the existence of neutron–neutron excited states, because they could not get satisfactory fitting using conventional methods such as FSI and sequential decay models. Therefore they fitted their spectra with three Gaussian functions and derived parameters of hypothetical resonances (positions and widths). The considered hypothesis seems to be a bit drastic, because there is no confirmation of it in direct (rather exact) experiments on a proton–proton (pp) and neutron–proton (np) scattering and in numerous researches of three–body systems.

On the contrary, I have found reasonable fitting of the spectrum, taking into account only FSI of neutrons and sequential decay of the^4He^∗ states. Some results of the calculations are presented below. If only one particle is observed in the three–body reaction (kinematically incomplete experiment), the momenta of the detected particle p_1 and of the center of mass of 2 − 3 subsystem p_{23} are determined. In addition magnitude of the relative momentum k_{23} in the 2 − 3 subsystem can be defined. Direction of the vector k_{23} is not defined so the differential cross–section is calculated by integration over appropriate angles:

d^2σ(ϑ_1, E_1) dΩ_1dE_1 = 8π^2 h^2v ∫ ρ | F |^2 dΩ (1)

Here ϑ_1 and E_1 are the emission angle and energy of the registered particle in the laboratory system, v is a velocity of beam particles, ρ is a density of final states [2],

| F |^2=| c_S F_S + c_RF_R |^2, (2)

F_S and F_R are FSI and sequential decay amplitudes, c_S and c_R are free parameters. The Watson–Migdal approximation is used for calculating F_S [3, 4]:

F_S (k) ∼ r(k^2 + α^2) 2(−1/a + rk^2/2 − ik) ,

α = (1 + √ 1 − 2r/a) r with k =| k_{23} |, a = −18.5 fm, r = 2.80 fm [5], and F_R is taken in the Breit–Wigner form:

F_R(E) ∼ Γ/2 (E − E_R + iΓ/2) ,

where E is the relative energy in the n^3He subsystem, E_R and Γ are the energy level and width of the^4He^∗ state. Expression (2) can be rewritten as follows:

|F |^2 = |c_SF_S |^2 + |c_RF_R|^2 + 2|c_SF_S ||c_RF_R| cos(φ_S − φ_R),

cos φ_R = (E − E_R) √ (E − E_R)^2 + Γ^2/4 ,

sin φ_R = − Γ/2 √ (E − E_R)^2 + Γ^2/4 .

In the real calculations changes of φ_S along the spectrum are neglected and φ_S = const is used as the third free parameter. Resolution and, to a certain extend, target and detector dimensions are taken into account by using the spectral line in the form of the symmetric Gaus-

INTERPRETATION OF THE^3H(d,^3He) INCLUSIVE SPECTRA AT 31 MeV

sian function dN (E, E_0)/dE ∼ exp{(−ln2)(E_0 − E)^2/H^2} with the value of a half– width parameter H = 0.25 MeV. This value is defined by simulating the^3He recoil peak from the elastic deuteron —^3He scattering.

The experimental spectrum [1] and the calculated one with only the first term in the used sum (2) are shown in fig. 1b. It is necessary to agree that the Watson– Migdal approximation surprisingly well reproduces the experimental spectrum (with the exception of resonance structure, naturally) on such a wide interval of energies. Curves 1–4 show the possible contributions from a sequential decay of the^4He^∗ states (E_x=21.2, 22.0, 25.3, Γ = 0.7, 1.8, 2.4 MeV) and from a space phase factor ρ (statistical distribution). At the first sight it seems that they can not explain the resonance structure, as contributed just at those energies, where the minimum in the experimental spectrum is observed. However as usual in such calculations angular distributions of^4He^∗ systems and their decay on neutrons and^3He nuclei are not taken into account, though, as it is known, these distributions are non–isotropic [6]. In the fig. 1c (dashed line) the contribution from the state of 25.3 MeV is shown. It is calculated with an angular distribution in the chosen form of (0.01 + sinθ)^{−1}cos^2ς where θ is the emission angle of the^4He^∗ nuclei in the lab. system and ς is the angle between p_{23} and k_{23} vectors. Even incoherent contribution in such a form improves fitting to the experimental data (solid line in the fig. 1c).

On fig. 1d an interference effect in the sum (2) is shown. Only the 21.2 MeV state is taken into account, and all angular relations are ignored. The quality of fitting obtained with only three free parameters is, at least, not worse, than in Ref. [1], taking into consideration a careless fitting of the FSI peak in it because of incorrect use of Gaussian function (fig. 1a). Again nine free parameters must have been used in calculations in Ref. [1]. So, apparently, the experimental data under consideration should not be regarded as a confirmation of a hypothesis about the existence of the excited states of the dineutron.

Ris. 1. Experimental [1] and calculated spectra of the^3He ions from the^3H(d,^3He)2n reaction at 10^∘ in lab. system: a) Watson–Migdal approximation with ann = −16 fm (dotted line) and fitting with three normal distributions (solid line) [1]; b) Watson–Migdal approximation with ann = −18.5 fm, r = 2.80 fm (the upper line) and contributions from sequential decay of the^4He^∗ states with Ex =21.2, 22.0, 25.3 MeV and statistical distribution (curves 1–4 respectively); c) contribution from sequential decay of the 25.3 MeV state^4He^∗ with angular distributions taken into account (dotted line), Watson–Migdal approximation (dashed line) and their incoherent sum (solid line); d) coherent sum of Watson–Migdal and sequential decay of the 21.2 MeV^4He^∗ state amplitudes.

B. STRUZHKO

This work was partly supported by the Ukrainian Ministry of Science via National Fundamental Researches Fund Grant.

[1] D. V. Aleksandrov, E. Ju. Nikol’skij, B. G. Novackij et

al., Pis’ma Zh. Eksp. Teor. Fiz. 67, 860 (1998); in XLVIII International Conference on nuclear spectroscopy and nuclear structure, Moscow, 1998 (St. Petersburg, 1998), p. 230.

[2] G. G. Ohlsen, Nucl. Instrum. Methods, 37, 240 (1965).

[3] K. M. Watson, Phys. Rev. 88, 1163 (1952). [4] A. B. Migdal, Zh. Eksp. Teor. Fiz. 28, 3 (1955);

A. B. Migdal, Sov. Phys. JETP 1, 2 (1955). [5] R. Machleidt, Adv. Nucl. Phys. 19, 189 (1989). [6] Wen Kuan Lin, F. Sheibling, Phys. Rev. C 3, 20 (1971).

¨NTERPRETAC¨ ¨NKL“ZIVNIH SPEKTR¨V^3H(d,^3 He) REAKC¨Õ PRI ENERŢ¨Õ PUQKA 31 MeV

B. Struıko ¨nstitut ffldernih dosl˛dıen~ NAN UkraÝni Prosp. Nauki, 47, KiÝv–28, 252028, UkraÝna, e–mail: struzh@marion.iop.kiev.ua

Model~ovano ˛nklzivniȷ spektr ȷon˛v^3 He z reakc˛Ý^3 H(d,^3He)2n pri enerİ˛Ý puqka deȷtron˛v Ed = 31 MeV. Model~ urahovu‚ vza‚mod˛ neȷtron˛v u k˛ncevomu stan˛ ȷ posl˛dovniȷ rozpad qerez rezonans^4He^∗ (21.2 MeV). k vifflvilos~, dlffl zadov˛l~nogo uzgodıennffl z eksperimental~nimi danimi sl˛d urahovuvati ˛nterferenc˛ ampl˛tud. Z tr~oma v˛l~nimi parametrami vdalosffl v˛dtvoriti vs˛ osoblivost˛ eksperimental~nogo spektra p˛d kutom 10^∘. G˛poteza pro nafflvn˛st~ rezonans˛v u sistem˛ dvoh neȷtron˛v ne znahodit~ p˛dtverdıennffl.