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Phase-shift analysis of elasti®p scattering
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The phase-shift analysis of elaslic’ p scattering at an incident energ§ {) of 12 MeV has been carried
out. Two kinds of solutions have been found, for which the sign off®ephase shift is different. It has been
found that measurement of the polarizatior®ihp scattering could contribute to distinguishing among various
models forY N scattering.
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Hyperon-nucleon potentials have been provided by varistudying the repulsive interaction betweeh™ and the
ous group$1-4]. In particular, the Nijmegen potentials have nuclear core. Ther~ spectrum in the BNLK ™, 7~) experi-
been applied to hypernuclei. However, many questions havments indicated that the final state interactigsl) of the >
been raised. Generally speaking, vertex form factors an@lyperon &* and3°) with the nuclear core is less repulsive
meson-meson correlations are not well known. This createghan that in the K ~, ") reaction, where th& ~ is involved
serious uncertainties in the potentials, which reflects the fagh the FsI, or is possibly even attractij/&0].
that the thgory of the s_trong inte_raction is nqt yet established. In contrast to the experiments concerning the nuclear mat-

The Ehime group aims to build an effective model which g c4jculation, the direct two body scattering experiments
would be useful for studies of hypernuclei aWN interac- ¢y scattering are very rare. By carrying out a phase-shift
tlons,b rather thﬁn using a r_nllcroscoplc ddescrlpt[dh—4]. analysis(PSA) of those data, one can obtain phase shifts of
:))rgi_en(izgnf_s;(\CN a;r?SEpNOtiggﬁe?ﬁs?@hintwgopfggﬁt\i,;?sfere- partial waves in th& N interaction, which ils not an averaged
produce equally well the present data of Tép scattering one such as t.he nuclgar matter calculation. The COS.Y'TOF

" collaboration is planning to carry out the polarized spin ex-

However, 99A generates a bound state in & wave, ) . ) D i+ e
while 00A does not. Thus, the nature of the forces in the tw eriments in the reactlopp—>K 2. p and pp—>K_ E. n
13]. Our present work gives an important motivation for

potentials is quite different. _ . .
Measurements to search for tBe n(1 =3/2) bound state these future experiments, which are expected to provide the

were carried out more than 40 years dgo-7]. Possible significgnt information about the phase shift of lowsrand
. ~n bound-state events were reported, however, final conP) partial waves.
clusions were negative for the existence of then bound On the other hand in nucleon-nucleon scattering the plen-
state. It is more desirable to carry out the measurements féful experimental data have been analyzed in terms of a
search for theX, "n(1=3/2) bound state with much higher phase-shift analysis. Extension of the PSAVtdI scattering
statistics. From the experimental point of view of hyper-is desirable. However, hyperon scattering is a very difficult
nuclear physics, the existence of a bound state inlthe experiment, and data from a polarized spin experiment has
=3/2 channel is not excluded. Therefore, it is important toseldom been reported until now. Therefore, a phase-shift
study the difference in other observablesSofp scattering ~analysis was not carried out. We have examined the kind of
generated by the two kinds of phase parameter sets Sugges@an observable that is important for the determination of the
by the potentials. Y N scattering amplitudes and what information could be ob-
The single-particle potential of tHE* and3° hyperons tained by using the PSA. In particular, b p scattering,
in Spin_saturated nuclear matter was calculated by DabeXperimental data for differential and total cross sections ex-
rowski[8] in order to compare with the results of the recentist at low energy and the inelastic channel is not open. We
(K™, 7") experiments at Brookhaven National LaboratoriesPerformed a PSA for elastiz " p scattering at a2 " inci-
(BNL) on the °Be target[9-12. Dabrowski suggested dent energyTE =12 MeV. The result of our analysis is re-
ported below.
In 3 *p scattering, which involves nonidentical particles,
*Present address: Ratjamangala Institute of Technology, Nakorrthe invariant amplitudes are different from the ones in
ratchasima 30000, Thailand. nucleon-nucleon scattering, and thematrix is given as a
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TABLE |. Experimental data for elastiZ *p scattering below L T T 1 T T T]
P> =4 GeVrk.
250 |- -
Observables pf*(Mev/C) Total number References
of data(events = 200 I~ ¢ -
E
oy 100-1900 110 ST6F 6; 150 |- —— —
140-150 1(4) El71° —_——
140-175 19) RU67 1001 _'+_')4F 7
148-158 1 DO6% sl _
150-160 113 El71
158-168 1 DO66 ol l l l l l l
160—170 1(35) EI71 140 150 160 170 180 190 200
168-178 1 D066 P_(MeV/c)
170-180 1(69) El71
500—1500 1(10) CH70 FIG. 1. The total cross section of elaslic p scattering(Refs.
1500—2500 18) CH70 [6-10)). The cross K) shows the values predicted by the present
2500-4000 14) CH70 PSA.
do/dQ 148-178 & 30 DO66 The number of data used in the phase shift analysis was
160-180 7156 E|71f eight, including the data of Eiselet al. for the differential
300-600 201 AH99 cross section and of Dosobt al. [18] for the total cross
aReferencd15]. section. . )
bReferencglsﬁ. In the Ehime model by Tominaga] and Uedd 4], two
‘Referencd 17]. possibilities were indicated for thé(®S;) phase shift, and
dReferencd 18], they are, respectively, about 17[B] and —10° [4]. There is
*Referencd 19]. a difference of onlyr in the phase shift, and there seems to
"Referencd 20]. be no difference in the representation of the experimental

data. However, a difference appears in the spin observables
sum of seven terms. We had previously performed a PSA foinvolving the mixing parameter, since th® matrix for
p-3He nonidentical particle scatterind4]. Our computer coupled waves betweehn=J—1 and|=J+1 in the spin
code was expanded such that phase-shift analysis dfiplet stated14] are given by
hyperon-nucleon scattering is practical. Becabsg scat-

tering is an isospin 3/2 scattering process, the inelastic chan- oo Vi-|pilPexp2is_) ipyexpi(6-+48,)}
nel is only a result of particle production aTE+ Vol ipTexpli(s_+68.)} V1—|p7|%exp2i8,)|

=147 MeV. This is the threshold of the lowest inelastic
channel. Therefore, all of the absorption coefficients areHerep; is the mixing parameter for the coupled channels of

taken as 1 aT> =12 MeV, since only elastic scattering is the spin triplet wavess_ and &, are the phase shifts for
possible. The corresponding impact paramétéor the P(l

=1) wave isb~3.74 fm, TE+=12 MeV. It becomes 6.48

fm and 9.16 fm forD(1=2) and F(I=3) waves, respec-
tively. A stabilized solution was not obtained in the prelimi-
nary analysis in which th® wave was included. Therefore,
the number of the parameter was decreased, and partial
waves with orbital angular momentuis=1 were redeter-
mined in order to obtain a stabilized solution. The existing
experimental data are summarized in Table |. Eislal.
(PL.=170 MeV/c,T =12 MeV) provided the most precise
data fordo/d() [16]. The polarization rate of the decay of
the> " to p#° was also measured by Eisadeal, and they 20F —
reported a value oP (polarization)=0.0+0.16, and argued
that the contribution of @& wave at this energy would be I A I
very small. The experimental data on the total cross section (_’1 0 05 0.0 05 10
(o) is plotted in Fig. 1. Figure 1 shows that is around 89 ’ ' ’ ' '

mb atPZ =170 MeVL. cos (6)
. + +
We selected the energy poirfy =12 MeV (P} FIG. 2. Thedo/dcos@) of elastic 3*p scattering atT,

=170 MeV/c) to perform the PSA of elastiE " p scattering =12 MeV (Ref. [7]). The solid and dotted lines show the values
considering the situation of the experimental data, see Fig. dredicted by solutions and 8, respectively.

100 I I I

80— -
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TABLE II. The solutions determined by the present PSA. The
total number of the experimental data is eight. Hene?
=3 (65— 61%)/A 67712, whered¥ is the experimental datum for
observablei from the jth experiment, with experimental error

Aeﬁ-x, and 6”‘ is its theoretical value.

Partial waves 8(°) andpy

(a) (8
s, 26.97 26.01
s, 172.84 —7.42
P, -3.72 1.09
p, 1.88 3.07
°p, -0.17 -0.99
p, —0.05 -0.26
P —0.2501 —0.2501
pr 0.1774 0.1774
G 2.96 2.59
1.0 I I I
0.5 —
=)
05 —
| | |
| I |
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FIG. 3. The spin observabled\{,, Dyy, andD,g) of elastic
3" p scattering aff, =12 MeV predicted by the present PSA. The
solid and dotted lines show the values predicted by solutioasd
B, respectively.
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FIG. 4. The spin observable®g, , Dgg, andD ) of elastic
3 *p scattering aif, =12 MeV predicted by the present PSA. The
solid and dotted lines show the values predicted by solutioagad
B, respectively.

I=J—1 andl=J+1. Jandl are the total and orbital angular
momenta, respectively. The differencemin the phase shift
for the 3S;(I=J—1) wave influences only the off-diagonal
elements in this equation.

In Y N scattering, the spin singlet state also couples to the
spin triplet state in the case b&J as follows:

T V1=|p;|%exp(2is;) ipyexpli(6;+ 854}
P Lipyexpli(8y+ 850} V1-[py|Pexp2i5;,) ]

wherep; is the mixing parameter for the coupled channels
of the spin singlet and triplet state$; and d; ; are the phase
shifts of the spin singlet and triplet states withrJ. The
difference ofr in the phase shift for théS; wave does not
influence SfT since there is no spin singlet state which
couples to the’S; wave.

In the present PSA, we searched solutions Wh¥rS, )
came close to the value suggested by the Ehime model. Two
kinds of solutions & and B) were obtained. By fixing the

061001-3



RAPID COMMUNICATIONS

NAGATA et al. PHYSICAL REVIEW C 66, 061001R) (2002

mixing parameters as the values of solutien solution 3 total and differential cross sections. Here, analysis was done
was obtained. The solutions obtained are given in Table llwithout any approximation on the mass differences of par-
The corresponding predicted values of various spin obsericles unlike other model analyses. The phase shifts ofSthe
ables are given in Figs. 3 and 4. Here, we made the mixingindP waves were determined, and the values of various spin
parameters in solutiona and 8 to be the same values to observables were calculated by two kinds of solutions. For
examine how the difference of(®S;) appears in the spin  the determination 05(3S,), it has been found that measure-
observables. Iy, andDyy the mixing parameterp; are  ments of observables which were influenced largely by mix-
included only in the form ofp;|?, and there is no effect ing parameters were very useful. The phase-shift analysis of
from the difference of the sign. Such a consideration is useelasticS, "p scattering becomes more interesting in the en-
ful to examine the influence of(*S;), because the uncer- ergy region where th® and D waves have large contribu-
tainty of the sign can be disregarded in the observables[ions The experiment of KEK20] corresponds tors "
. . . o

ggt?,\r, 2:::65(')?12?5nd;ﬁggznceiﬁzyéxAgﬁﬁﬁhtzN&: andDDLS ~80 MeV, and the contributions from these waves are to be

B b Oy “NN>  axpected. A more detailed discussion abé(tS,) will be

D.s, Dgi, Dgs, andDy , in which the polarization quan- S ) ) .
tity of target and recoil protons are measured, would be perpossmle if the data on spin observables become available in

formed more precisely than other experiments in which théhIS energy region.

polarization of% " has to be detected. . ~ This work has been supported in part by the Grant-in-Aid
In conclusion, we have cairled out the phase-shift analysigr Scientific ResearctGrant No. 11640281from the Japa-

of elasticX, * p scattering aﬂ'f =12 MeV using the data on nese Ministry of Education, Science and Culture.
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