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Nuclear structure for the isotopes®He and*He in k*N scattering
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The study of the nuclear structure®fe and*He was performed by using®N phase shifts at incident energies up to 900 MeV. The analysis
and comparison with previous experiments and theoretical results were made, obtaining better results with high precision.

Keywords: Charge distribution; elastic and inelastic scattering; kaon-induced reactions

El estudio de la estructura nuclear para los elemetiesand*He ha sido realizada usando cambios de fase para ladea¢tN a intervalos
de energa hasta 900 MeV. El dxlisis y comparaéin con previos resultados experimentalesyitos ha sido realizado, obteniendo mejores
resultados con alta preaisi.

Descriptores:Distribucion de la carga, dispetsi ebstica e indistica; reacciones del kaon-inducida.

PACS: 21.10.Ft, 25.55.Ci, 25.80.Nv

1. Introduction The differential cross section, total cross section, and in-
tegrated elastic cross section are expressed in terms of am-

The study of the elastic scattering cross section, total crosgjitudes. The derivation of these concepts is given in the
section and integrated elastic scattering cross section wasefs. 1 to 4.

conducted for the hadronic scattering oft Kirom 3He

and’He. 2.2. Charge distributions of the helium isotopes and the
This new analysis wass carried out using previous results use of form factors

from the partial-wave analysis of N scattering [1] (GA) in

the momentum range from 0 to 1.6 GeV/c. | also comparedn this study | have used the charge distribution analyzed by

this with the phase shift analysis from Hyslepal.[2] and  McCarthyet al. [S]. The main results are summarized as fol-

Martin’s phase shift [3]. lows

The present work focuses onKscattering for the iso- 7 71 2 B(62 —12) e
topes3He and*He considering kinetic energies in the range  po(r) = —5 |:364a - 47@462} 2)
100-900 MeV. 8mz La ¢

This complete study was possible thanks to recehiNK _ Zpdg? [sin(gor) | p* _pr2
phase shifts analysis from Gibbsal. [1] obtained forl = 0, Ap(r) = ord wr 282 cos(gor| e” T (3)

1 with great accuracy. )
This fit to the charge distribution for thide is

2. Theory (1) = po(r) + Ap(r).

2.1. KT -nucleon scattering The best fit values for the parameters3sfe charge distri-

) ) ] butions arex = 0.675 & 0.008 fm, b = 0.366 % 0.025 fm,
The phase-shlft anaIyS|S for the mesor KMas done using ¢ = 0.836 £ 0.032 fm, d = (*678 + 083) x 1073 fm,

experimental data taken from the Particle Data Group and _ 0.9040.16 fm~!, g, = 3.9840.09 fm—". The root mean
the experiments carried out at the BNL (Brookhaven Nationa quare radius of the last distributionris,,s = 1.88+0.05 fm.
Laboratory).. . The*He data were fitted with the two charge distributions

. Thletpartlal—wave amplitudes are the results of the follow-ygeq earlier in Ref. [7]. The three parameter Fermi density is
ing relation:

_ poll +w(%)]

5 (St = e plr) == 5% )
I+ = % ; 1) 14+e =
Spy = my it The best fit parameters for the three parameter Fermi dis-

tribution arew = 0.517 4+ 0.016 fm, ¢ = 0.964 4+ 0.012 fm,
in which the signt corresponds tg = [ = 1/2 ando; isthe  andz = 0.322 4 0.007 fm. Ther,.,,s that corresponds to this
Coulomb phase shift. fitted charge distribution is 1.71 fm.
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In the literature there are experiments for thée and  tial was derived in Refs. 8 and 9. The main results are,
4He charge form factorK.;,, Frnag) Which are described in _ _
Refs. 13 to 16 and 18. (E'"V(E)| k)

In the Born approximation, the two form factafs;, and
Frqg are identified with the Fourier transform of the spatial = Z Z / dq'dq ¢4 (T 4 (T + C?,)

distribution of the charge and magnetic moment: A A
un T x (~a @' + 0k [t (E +Ea— Ba)l —aq +bFk)
Fon(g®) = — /p(r) sin(gr)rdr _ R
19 X 64T +ck)pa(T) (5)
where _ _
where k£ and k' are kaon momenta in the kaon-nucleus cen-
Fen(0) =1, ter of mass frame (3 cm). The matrix n(q) is derived in
00 Ref. 10, chapter 13. The quantitiesb, andc are given ap-
o) = 575 [ Lsintar) Funle®)da, proximately by,
0 . WK
and we have a similar expression for the form facfgy, {,). “= wN + Wi’
The differential scattering cross section for the spin-(1/2
He?4 is calculated also in tr?e Born approximation \l?vith(the) b= wy (Wi +wy + we) )
use of the two form factorsF.,, F,..,) and discussed in (wy +wo)(wk +ww)
Refs. 13 and 17. c= Yo

wy + we

2.3. Optical Potential ) ,
where all the energies are computed in the 3 c.m.

The optical potential is based on a three-body system of kaon The main derivation from the optical potential is also pre-
(K), nucleon (N), and residual nuclear core (C). This potensented in Ref. 9 Eq. (6), which after partial wave analysis is

| reduced to
7 - 2L +1 / o L / m
(K'V(E)k)=>] P (cost)v(bk'yu(bk) > bo(E+Ea — Ea)BYai(k, k') + b1 (E + Ea — Ea)
L AA
o [’D% 4/ (k, k') — abE% 4/ (k, k') — abES o (K, k) + ®F% ., (K, k)] (6)
The termu(g) and the tensoE% ,, are given in Ref. 9
[Egs. (5), (7) and (8)]. Doing the same analysis for the isotcjide, the relative
difference is the same for the elastic differential cross section
3. Results varying the off-shell range parameter as thte isotope.
3.1. Elastic Scattering 3.2. Total cross section and integrated elastic cross sec-
tion

Figure 1 presents the elastic scattering forHe at differ-
ent energies in the range 100-900 MeV using the off-shelln Fig. 3, the total and integrated elastic scattering cross sec-
parameter fronax = 300, 600 and 900 MeV/c and using the tion is analysed using the phase-shift analysis from Géibs
phase shift analysis from Gibles al. [1]. al. [1] for the isotopesiHe*He). In this figure the total cross
Figure 2 gives the analysis for the isotdipte for a=300, section is analyzed considering= 900 MeV/c and the dif-
600 and 900 MeV/c in the same range of energies as thkerence for these isotopes is around 30%. The data for the
K+—3He nucleus. total cross section fotHe come from [12]. The integrated
Considering the isotopéHe, it is observed that the off- elastic cross section is also shown in this plot for both iso-
shell parameterr = 300 MeV/c has a variation from the topes, and the difference is around 40 to 50 %.
parametersy = 600 and 900 MeV/c of around 5 to 10% in The real and imaginary parts for the forward amplitude
the elastic differential cross section scattering. Also observare shown in Fig. 4 as a function of kaon laboratory energy. In
ing in the Fig. 1 for the off-shell parameter,= 600 and 900 this plot | consider an off-shell parametercof= 900 MeV/c.
MeV/c, the difference in the elastic scattering is 1 to 2%. In-The difference for the isotopedHe,*He) between these am-
creasing the off-shell parameter, the elastic differential crosplitudes, for the real amplitude f{Dis 15 to 30%, for the
section is unaffected. imaginary amplitude f(9) is 25 to 35%.
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FIGURE 1. K* -3He elastic scattering faf = 142 — 804 MeV
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FIGURE 2. KT -*He elastic scattering fdf = 142 — 804 MeV

plotted as a function of the angular distribution. It is considered an plotted as a function of the angular distribution. It is considered an

off-shell parameter fronax = 300, 600 and 900 MeV/c and using

the phase shift analysis from Gibbsal. [1].

3.3. Elastic scattering using the phase shift from Hyslop

et al.[2], Martin et al.[3] and Gibbs et al.[1]

Using the phase shift analysis from Hyslepal. [2], Mar-
tin et al. [3] and the recent results obtained from Gildis
al. [1], for the off-shell paramete=900 MeV/c, the elastic

off-shell parameter fronax = 300, 600 and 900 MeV/c and using
the phase shift analysis from Gibbsal.[1].

one group to another. | compare these results with the differ-
ent values of the kaon internal laboratory energy.

For the isotopéHe, using energies of 283, 446 and 897
MeV, the elastic differential scattering is shown in Fig. 5.
In this plot the elastic scattering agrees for the three groups
except in some values of the angular distribution. When an
energy of 283 MeV is considered, the elastic scattering dis-

scattering is compared in order to find some discrepancy imagrees between 85-90The elastic scattering agrees for Mar-
the three different phase shift analyses. This is done becaus@’s phase shift and Hysloet al., there is a difference from
the techniques used to find the phase shifts are different fror@ibbset al. around 10%.
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In Fig. 6 the isotopéHe is considered for the elastic scat- 107 ¢ e e .
tering, using energies of 283, 446 and 897 MeV. The elastic 0 G0 60 90 Al 10 16D

scattering does not show change in the first half of the angu- Gem. (d08)

lar distribution, but after Y0the difference between the phase Ficure 5. KT -*He elastic scattering fdf = 283, 446 and 897

shifts from Gibbset al. and the other two groups is around 1 MeV plotted as a function of the angular distribution. Off-shell pa-

to 8%. rameter froma: = 900 MeV/c is considered, and using the phase
shift analysis from Gibbst al.[1], Martin et al. [3] and Hyslopet

. ) . al. [2] are used.
3.4. Ratio of the total cross section to deuterium

The ratio of the total cross sections from helium to deuterium

using the phase shift analysis from Gibdtsal. [1], Martin ~ 3.5. Ratio of the elastic differential cross section from

et al. [3] and Hyslopet al. [2] is shown in Fig. 7 for both ‘He to 3He

isotopes. An off-shell parameter of = 900 MeV/c is con-

sidered and it is observed that the off-shell range parametérhe ratio of the elastic differential cross section frole to
affects 1 to 5% to the total cross section. Also | observe iPHe is calculated and shown in Fig. 8. Off-shell parameter of
this plot that, by making some variation to the off-shell pa-a = 900 MeV/c is considered, and a kaon laboratory energy
rameter, the ratio will not be affected. of 446 MeV.
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The relative difference in K scattering from*He and
4He at 446 MeV is calculated in Fig. 9. This plot is consid- 0.00
eringa = 900 MeV/c and the recent results from Gibbs

al. [1]. —0.25 5(6)(*He)-0(6)(He)
o(6)(*He)+o(8)(°*He)
_050 oo b e b e e b e e e
a(0)(*He) — o(0)(3He 0 30 60 90 120 150 180
Doy _ PO H) oGOl =

FIGURE 9. The relative difference in K scattering fron?He and
“He at 446 MeV considering = 900 MeV/c.
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elastic scattering is calculated by solving the Lippmann-
Schwinger equation, the same calculation but using a spin
distribution obtained by varying the parameters in the in-
put F,,.,(*He) and the relative difference which is given in
Eq. (7). Observing Figs. 1 and 11 , the first figure was cal-
culated using the phase shifts analysis from Gigtal., the
relative difference around 1-2% between these plots. Also the
Figs. 5, 9 agree with Fig. 11.

— Multiple Scatiering
~= Single Scatiering

dg/dS) {mb/sr)

4. Conclusions

The analysis for the K ->*He nucleus scattering was done.
The elastic differential cross section, total cross section and
integrated elastic cross section were analyzed with high pre-

cision. The use of phase shift analysis from the three different
arst- " groups and the relative difference between them was found.
ool A These results suggest that the use of phase shifts is relevant in
ik ," AN obtaining the nuclear structure for both isotopdsd, *He).
o c’x N A The ratio of the total cross section frofrfHe to deu-

Y A i terium is calculated and the agreement from the three dif-
Rl i ferent phase shift analyses was found (a relative difference
aser soseD ) ~azraf vty | around 1-2%). Also the ratio from the elastic scattering from
“arsl o ssBiet s sorad et | both isotopes was done and the relative difference between

them was shown.

FIGURE 11. K+ -®He elastic scattering as calculated by solving

the

Lippmann-Schwinger equation and varying the parameters in The use of a charge distribution was necessary to perform

the iNPUtF,.q,(*He). Also shown is the relative difference Eq. (7). the calculations; the best fit was taken from previous results

and shown in some plot.
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