APPLICATION OF NUCLEAR METHODS

APPROXIMATION OF THE DEUTERON WAVE FUNCTIONS
AND POLARIZING CHARACTERISTICS FOR Reid93 POTENTIAL
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Numerical coefficients of analytical forms for deuteron wave function in configuration representation for Reid93
potential are designed. The obtained wave functions do not contain superfluous knots. The designed parameters of a
deuteron well agree with the experimental and theoretical data. The polarization performances 75, and 4,, designed
on wave functions are proportionate with earlier published.

PACS: 21.45.Bc, 13.75.Cs

INTRODUCTION

The deuteron is most the elementary nucleus, that
will consist from two strongly interreacting particles (a
proton and a neutron). Simplicity of a structure of a deu-
teron makes by its convenient laboratory for the study
of nucleon-nucleon forces. Currently the deuteron is
well investigated observationally and theoretically.

The experimental defined values of static perfor-
mances of deuteron well agree with theoretical calcula-
tions [1]. Despite of it, there are some theoretical incon-
sistencies. For example, one (for CD-Bonn potential) or
both (for Moscow potential) components of the deuteron
wave function have knots [2, 3] about an origin of coor-
dinates. Such behavior of a wave function contradicts the
common mathematical theorem of number of knots of
eigenfunctions of boundary value problems [4]. Presence
of the knots in wave functions of the basic and unique
state of a deuteron testifies to inconsistencies and inaccu-
racies in embodying numerical algorithms in a solution of
detailed problems. Influence of a select of numerical al-
gorithms on solutions is reduced in Ref. [5 - 7].

Such potentials a nucleon-nucleon interaction as
Bonn [2], Moscow [3], potentials of Nijmegen group
(Nijml, NijmlI, Nijm93 [8]), Argonne v18 [9] or Paris
[10] potential have uneasy enough structure and bulky
record. The original potential Reid68 [20] was parame-
terized on the basis of phase analysis in Nijmegen group
and has received title Reid93. The parametrization has
been carried out for 50 parameters potential, and
¥ /Naaa=1.03 [8].

Besides deuteron wave function can be submitted as
the table: through corresponding files of values of radial
wave functions. Sometimes at numerical calculations to
operate with such files of numbers difficultly enough.
And the text of programs for numerical calculations is
overloaded. Expedient reception of more simple analyt-
ical forms of representation of deuteron wave functions
therefore is.

1. ANALYTICAL FORM
OF THE DEUTERON WAVE FUNCTIONS
Known numerical values of a radial wave function
of a deuteron in coordinate representation can be ap-
proximated with the help of convenient expansions [11]
in the analytical shape:
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In (2) parameter Cy not always is the positive num-
ber, therefore there is a superfluous knot.

Despite of unwieldy both long-lived calculations and
minimizations y° (to size smaller for 10%), it was neces-
sary to approximate numerical values of wave functions
of a deuteron, which arrays of numbers made 839x2
values to an interval 7=0...25 fm for potential Reid93
[8]. The value of coefficients A4,, a;, B;, b; for formulas
(1) is reduced in Tables 1 and 2 (N,=17). In Ref. [11]
value N,=13.

Except for (1), there is one more analytical form of
the deuteron wave function [2, 10, 12]:
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where m, =f+(j—-Dm,, p= JME, , m=0.9 fm™'.
M — nucleon mass, E; — binding energy of deuteron.

The asymptotics of deuteron wave functions (1) for
r — oo

u(r) = Ag exp(=fr),
w(r) — A, exp(—pr) 1+i+ 3

P pr(pry |
where 45 and A4p are the asymptotic S- and D-state nor-

malizations.
The accuracy of the parametrization (1) is characterized

I Z(T[M(V)—ua(r)]z dr] —2.5x10,
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I, = [T[W(r) —w,("] drj =1.7x10™ .

Table 1
Coefficients A;, a;

i A; a;

1 | -0.0293645998298 | 2.0291635490395
2 | 0.0823581508029 | 0.0142620649234
3 | 0.0807980381556 | 0.0236567335601
4 | 0.2776372774260 | 4.5335812432041
5 | -0.4348821007714 | 2.3259949260170
6 | 0.0844998823432 | 0.0411919136076
7 | 0.0787954538986 | 0.1089476353731
8 | 0.2654767966317 | 2.2248822859584
9 | -0.4348821007713 | 2.3259949260119
10 | 0.0440768783933 | 0.0045691318899
11 | 0.0831819945356 | 0.0104362641201
12 | 0.2654767966318 | 2.2248822859584
13 | -0.4348821007712 | 2.3259949260146
14 | 0.0878101336022 | 0.0412039254988
15 | 0.0735806665400 | 0.1088944012465
16 | 0.2654767966318 | 2.2248822859584
17 | -0.3532779919126 | 1.0378165184475

Table 2
Cocefficients B;, b;

i B; b;

1 | -0.2053724318749 | 6.0941159580164
2 | -0.0847216453447 | 0.2592222819651
3 | -0.0847216468360 | 0.2592222816757
4 | -0.2615777513621 | 0.7377945559650
5 1.2812879375816 | 0.7460129600248
6 | -0.1067533670936 | 0.2565139300968
7 | -0.0847216468291 | 0.2592222816770
8 |-0.2615777513623 | 0.7377945559650
9 | 0.3972095973113 | 0.2544132039622
10 | -0.1067533722081 | 0.2565139308288
11 | -0.0847215171541 | 0.2592223068180
12 | -0.2615777513623 | 0.7377945559650
13 | 0.39720960090286 | 0.2544129992542
14 | -0.1067533722050 | 0.2565139308284
15 | -0.0847216364107 | 0.2592222836969
16 | -0.2615777513623 | 0.7377945559650
17 | 0.00443162550424 | 0.0493377965549
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Fig. 1. Deuteron wave functions
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The designed the deuteron wave functions (1) in
configuration space do not contain superfluous knots.
On Fig. 1 radial wave functions u(r) and w(r) for L=0
and L=2 are specified. They well correlate with the data
in Ref. [13].

2. PROPERTIES OF THE DEUTERON

If the deuteron wave functions are known, then it is
possible to calculate deuteron properties [2, 6]:
- the root-mean-square or matter radius:
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= %{([rz [uz(r) + wz(r)] dr} ;
- the quadrupole moment:
0, - %!rzw(r)[ﬁu(r) () Jdr
- the magnetic moment:

3 1
Hqi = H 2(,% 2) D

- the D- state probability:
P, = I w(r)dr ;
0
- the “D/S- state ratio™:
n=A,/ 4.
The designed properties of a deuteron it is reduced

in Table 3. They well agree with the experimental and
theoretical datas [1, 8].

Table 3
Deuteron properties

Property D [8]
Pp, % 5.70677 5.699
rq, fm 1.9681 1.969
0, , fm? 0.252849 | 0.2703
Ua 0.847289 0.8853
n 0.027601 0.0251

3. POLARIZATION CHARACTERISTICS
OF THE DEUTERON

On the designed deuteron wave functions o(1) expe-
dient there are calculations of polarization characteris-
tics [14]. Measuring of polarization characteristics of a
response of a fragmentation of deuteron A(d,p)X at the
intermediate and high energies remains to one of the
basic tools for examination of structure of a deuteron.

In impulse representation it is possible to calculate
the following polarization characteristics:

1) component of a tensor of sensitivity polarization
of deuterons T, [15]:

1 232u(p)w(p) — w(p)*
Tyy=—= ; 4
o wp) +wpy )

2) polarization transmission K:
& _1p) —w(p) —u(p)w(p)/ 2
0

NS
u(p)” +w(p)’
3) tensor analyzing power 4,, [14]:
T T +4P°T;
— _00 11 10 . (6)
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4) tensor-tensor transmission of polarization K, [14]

ST T -8PT -

S FES T

where P=0.4p — the entered parameter; u(p) and w(p) —
deuteron wave functions in impulse representation that

calculate through u(r) and w(r) with the help of trans-
formation Hankel

©

u(p) = [u(r)jotp)dr; w(p)=[w(r)j,(p)dr .

The amplitudes T;;(p/2) determined with the help of
wave functions u(7) and w(r) as follows [6, 14]:
T = 5,(p/ D +25,(p/2);
1
T,=S,(p/2)——=S,(p/2);
1" o(p \/5 ,(p/2)

T, =%T[uz(r)——wzz(”jjo(rp/2)dr+

w(r)

i .
+E _([ w(r) (u(r) + fj Jo(rp/2)dr.

Here S and S, — spherical and quadrupole shape fac-
tors of a deuteron:

Sy(p/2)= [ (1) + W (") jyOp | 2)dr

S.(p/2) = [2w(r) (u(r) - %w(r)} JOp 1 2)dr.

The designed polarization performances 75, Kj 4,,,
and K, are reduced on Fig. 2.
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Fig. 2. Polarization characteristics T, Ky, A,,, and K,,

The magnitude 75, designed on the formula (4) for
potential Reid93 well correlates with outcomes Ref.
[16], and magnitude A,, is proportionate to outcomes
[17] for Bonn potential. Calculations of polarization
performances K and K, for potential Reid93 it is real-
ized for the first time.

It is necessary to note, that magnitudes of polariza-
tion performances 75 and 4,, for potential Reid93 in the
given operation almost coincide with values, as at their
definition in Ref. [6], where deuteron wave functions
also do not contain surplus knots in coordinate and
space representations. Deviations make 1...2%.
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The obtained outcomes for tensor analyzing power
A,, well agree with outcomes within the framework of
model of an momentum approximation of plane waves
[14] and experimental data of [18] responses of inelastic
scattering on the carbon, obtained at initial impulse of a
deuteron 9 GeV/c and an angle of detection of second-
ary deuterons 85 mr in the field of excitation of a reso-
nance with the mass 2190 MeV/c’.

CONCLUSIONS

Numerical coefficients of analytical forms for deu-
teron wave function in configuration representation for
realistic phenomenological potential Reid93 are de-
signed. The obtained wave functions do not contain
superfluous knots. On these wave functions it is de-
signed deuteron properties.

Using deuteron wave functions in coordinate and
space representations, are designed a component of a
tensor of sensitivity polarization of deuterons 75, polar-
ization transmission K and tensor analyzing power 4,,.
The obtained outcomes are compared to the published
experimental and theoretical outcomes.

REFERENCES

1. R. Machleidt. The nuclear force in the third millen-
nium // Nucl. Phys. A. 2001, v. 689, p. 11-22.

2. R.Machleidt. High-precision, charge-dependent
Bonn nucleon-nucleon potential // Phys. Rev. C.
2001, v. 63, p. 024001-024032.

3. V.I. Kukulin, V.N. Pomerantsev, A. Faessler, et al.
Moscow-type NN-potentials and three-nucleon
bound states // Phys. Rev. C. 1998, v. 57, p. 535-554.

4. R. Courant, D. Hilbert. Methods of Mathematical
Physics. New York: “Interscience”, 1953, 561 p.

5. 1. Haysak, V. Zhaba. On the nods of the deuteron
wave function // Visnyk Lviv Univ. Ser. Phys. 2009,
Ne 44, p. 8-15.

6. 1I. Haysak, V.I. Zhaba. Deuteron: wave function
and parameters // Uzhhorod Univ. Scien. Herald.
Ser. Phys. 2014, Ne 36, p. 100-106.

7. V.S. Bohinyuk, V.I. Zhaba, A.M. Parlag. On the
reaction cross section energy dependence (y,y’) //
Uzhhorod Univ. Scien. Herald. Ser. Phys. 2012,
Ne 31, p. 111-115.

8. V.G.J. Stoks, R.A.M. Klomp, C.P.F. Terheggen, et
al. Construction of high quality NN potential models
/I Phys. Rev. C. 1994, v. 49, p. 2950-2962.

9. R.B. Wiringa, V.G.J. Stoks, R. Schiavilla. Accurate
nucleon-nucleon potential with charge-independence
breaking // Phys. Rev. C. 1995, v. 51, p. 38-51.

10.M. Lacombe, B. Loiseau, R. Vinh Mau, et al. Para-
metrization of the deuteron wave function of the
Paris N-N potential // Phys. Lett. B. 1981, v. 101,
p- 139-140.

11.S.B. Dubovichenko. Properties of light atomic nu-
clei in the potential cluster model. Almaty:
“Daneker”, 2004, 247 p.

12. A.F. Krutov, V.E. Troitsky. Parametrization of the
deuteron wave function obtained within a dispersion
approach // Phys. Rev. C. 2007, v. 76, p. 017001-
017003.

ISSN 1562-6016. BAHT. 2016. Ne3(103)



13.J.J.de Swart, RAMM. Klomp, M.CM. Rent- 17.L.S. Azhgirey, S.V. Afanasiev, A.Yu. Isupov, et al.

meester, Th.A. Rijken. The Nijmegen Potentials // Measurement of the tensor Ayy and vector Ay ana-
Few-Body Systems. 1996, v. 8, p. 438-447. lyzing powers of the deuteron inelastic scattering of
14. V.P. Ladygin, N.B. Ladygina. Polarization effects in beryllium at 5.0 GeV/c and 178 mrad // Yad. Fiz.
the inelastic deuteron scattering (d,d”)X in the vi- 2005, v. 68, p. 1029-1036 (in Russian).
cinity of baryonic resonance excitation // Yad. Fiz.  18.L.S. Azhgirey, V.V. Arkhipov, S.V. Afanasiev, et al.
2002, v. 65, p. 188-195 (in Russian). Differential cross-section, tensor Ayy and vector Ay
15. V.A. Karmanov. Polarization appearances in elastic analyzing power of a response “C(d,p)X at 9 GeV/c
pd-scattering back at an energy in the field of 1 GeV and an emission angle of protons 85 mrad // Yad.
// Yad. Fiz. 1981, v. 34, p. 1020-1027 (in Russian). Fiz. 1999, v. 62, p. 1796-1811 (in Russian).

16. V.P. Ladygin, T. Uesaka, T. Saito, et al. Measure-
ment of the tensor analyzing power T20 in the dd-
>3Hen and dd->3Hp at intermediate energies and at
zero degree // Phys. Lett. B. 2004, v. 598, p. 47-54.

Article received 20.01.2016

ATITPOKCUMAIIMS BOJTHOBOM ®YHKIIUM U MTOJIAPU3AIIMOHHBIE XAPAKTEPUCTUKHA
JIEUTPOHA JIJISA IOTEHITAAJIA Reid93

B.U. XKaoba

YHuCIeHHO pacCUMTaHbl KO3()HUIUEHTH aHATUTAYECKOW (OPMBI ISl BOJHOBON (DYHKIMH JEHTPOHA B KOODPIH-
HATHOM MpeJCTaBlieHuH i nmoteHnuana Reid93. INoayueHHble BOTHOBbIE PYHKIIMU HE COAEPIKAT JIUIIHUX Y3JIOB.
PaccunrtaHHBIE TTApaMETPhI IEHTPOHA XOPOIIO COTTIACYIOTCS ¢ SKCIIEPUMEHTALHBIMUA U TEOPETHUECKUMH TAaHHBIMU.
PaccunTaHHbIe MO BOJHOBBIM (DYHKIMAM TMONSPH3ALMOHHEIE XapaKTEPUCTHKH 15 U A,, COpasMepHEI C paHbIIE
OMyOJHUKOBaHHBIMHU.

ANIPOKCUMALISI XBUJIbOBOI @ YHKIIT TA MOJISIPU3ALIIAHI XAPAKTEPUCTUKH JEATPOHA
JIJIS1 HOTEHIIAJIY Reid93

B.1. ’Kaoba

YucenbHO po3paxoBaHi KoedillieHTH aHATITHYHOT (OPMHU JUTs XBUIILOBOT (DYHKIIT JEUTPOHA B KOOPAMHATHOMY
npezcTaBieHH] i noteHuiany Reid93. Otpumani XBUIbOBI QyHKIIT HE MICTATh HAJUIMIIKOBHUX BY3IiB. Po3paxo-
BaHi MapameTpu JeiTpoHa 100pe y3ro/PKYIThCs 3 eKCIIEPUMEHTAILHIMH 1 TEOPETHYHUMU TaHUMU. Po3paxoBaHi 3a
XBHJILOBUMH (pYHKIisIMM NOJISPU3ALiiHI XapaKTepUCTHKHU 15y i A, CHBPO3MIpHI 3 paHilie omyOTiKOBAHUMH.
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