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Pionic-decay spectra of few-bodyA hypernuclei
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Pionic-decay spectra are discussedhind and 5A hypernuclei by using wave functions obtained by the
resonating group method. F(itHe, thesr™ spectrum shows a sharp peak at 171 MeV with 1.5 MeV FWHM
in the total pion energy. FokH and {He, the spectra have broad peaks around 170 MeV with 6-7 MeV
FWHM. This difference is caused by resonance structures of the final-state nuclei under the spin-nonflip
dominance in the pionic decay. Partial decay widths are calculated to check the normalization of the spectra,
and are in systematically good agreement with all available experimental[88&66-28186)02612-X]

PACS numbdps): 21.80+a, 21.45+v, 21.60—n

[. INTRODUCTION a result, the fit of their pionic-decay spectrum to the data is
not good inA=5 hypernucleus. In the present paper, we

Weak decays ofA hypernuclei have been measured byproperly take into account both the ingredients to derive
emulsion and bubble-chamber experiments since the discoguantitatively the spectra, which can endure to be compared
ery of a hypernucleus, where branching ratios of the decaywith the recent improved data.
were fairly well determined but the measured lifetimes were  Since nuclear resonances determine peak structures of the
in large uncertainty1-4]. Recent developments of experi- spectra, we describe carefully final states by using the reso-
mental techniques have reduced the uncertainty and providethting group methoRGM) which well explains low energy
new information about partial widths of decay modes includ-phenomena ocA=4 and 5 nucle[18,19. This method accu-
ing neutral-particle emissio$—7]. These data enable us to rately takes into account Pauli effed®0], which are sub-
analyze the weak decays & hypernuclei quantitatively. stantial for pionic-decay widths. In order to check absolute
Thus, it is expected that the pionic weak decay provides anagnitudes of the spectra, the pionic-decay widths are cal-
useful means to identify the hypernuclear species produceculated by integrating the spectra and are compared with the
by counter experiments. Tamueaal. have obtained the pro- experimental data. This investigation gives a systematical
duction rate ofy H via K~ capture at rest on such light nuclei understanding of the spectra and widths, which serves as a
as ’Li, °Be by observing weak-decay pions with discretereliable base to extract production ratesAf4 and 5A
momentum 133 Me\ from iH*}AHeﬁ- m~ [8]. Recently, hyperfragments from counter experiments.

they have also tried to extract production rates;éfe and This paper is organized as follows. In Sec. Il we formu-
j‘\He from the experimental data of the total continuam late the framework to calculate the pionic-decay widths and
spectra, which contain contributions oA=4 and 5 spectra by RGM. In Sec. Ill, calculated results are shown

A-hypernuclear decayi®]. The rates are needed to reveal together with discussions. We give summary and conclu-

the production mechanism of light hyperfragments onsions in Sec. IV.

stoppedK ™ reactions[10,11. However, the pionic-decay

spectra ofA=4A hypernuclei are not well determined ex-

perimentally. Therefore, detailed theoretical studies are Il. FORMULATION

awaited. ) ,
The purpose of this paper is to provide pionic-decay spec- Bertrandet al; have reported exent numbers in emulsion

tra of A=4 and 5A hypernuclei. In spite of intensive studies gata for eachm-decay mode ofiH: 914 events for the

of the decays, results obtained so far are not accurate enough!®* 7 decay,3301 events for théH+p+ 7~ decay, 88

to compare recent experimental dt2—16. There are two  EVents for the °*He+n+s~ decay, 12 events for the

important ingredients in order to obtain quantitative results H+“H+ 7" decay, and 5 events for four-body decgs

of the spectra. One is the final-state nuclear interactionlt is noted that the branching ratio of the two-body decay is

which directly affects the spectral shafi7]. The other is about 70% of the totalr~ decay in the case ofH.

the pion distortion, which considerably changes the absolute The hypernucleus;He has no two-body decay mode,

value of the spectrunil5]. Deloff has studied the decay sinceA=5 nuclear systems have no bound states. The accu-

spectra ofA=4 hypernuclei taking into account the final- mulated event numbers in the emulsion data are the follow-

state interaction by the use of corresponding phase-shift daiag: 2780 events for théHe+p+ =~ decay, 15 events for

[14]. But he treated emitted pions with plane waves. Rethe %He+ 2H+~ decay, and negligible for four-body de-

cently, Motobaet al. have taken into account the distortion cays[3].

effect of pions and pointed out its importangEs]. They, By neglecting small events, we consider only the follow-

however, adopted simple final-state nuclear potentials, whickng pionic decays to two bodies and to three bodies except

do not well reproduce resonance behaviors of the nuclei. Afor the deuteron channels:
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FIG. 1. Schematic picture of the pionic-decay process. XX(W_B)* [¢ci¢N]s¢irel> ' (5)

(i = A)pound= (€t = N) poundt 7 1
wheres_g and p,s are interaction constants for the spin-
i+ N+, ) nonflip and for the spin-flip processes, respectively. The

P decay width of a free\ particle (EFS%) is proportional

2 2 . .
wherec; and ¢ indicate core nuclei in the initial and the [© SzsT Pos in this framework:
final states, respectively. A schematic picture is shown in

Fig. 1. For 3He, the core nucleus i4He, i.e.,c;=c;="He. 2k9% ¢

. . . (0) b 2 2
For A=4 hypernuclei, core nuclei are not necessarily the FWB:—1+E(0)/M Cz(SWBJF P5)- (6)
same between the initial and the final nuclear states. For AN

example, c;=°H and c;=%He for {H(*H—A)—3He+n
+ o™, which has a sizable contribution. In order to calculate the pionic-decay widths of hypernuclei
The pionic-decay width'_s is a sum of the two-body part in the unit of the total-decay width of a frea particle,
I'?) and the three-body paft®}, which are calculated by ~T'x, we use experimental values of the spin-nonflip—spin-
fip ratio and of T'Y; s,6%(s,6%+p.s%)=0.88, 'Y
2b 3 =0.64T",, and F(OO)=0.357FA. The spin operator acts
s L =
27Tf S(Es—E)) 3 on the hyperon and the one-body operatdy_,y converts

re) " icle i ©) () :
B the A particle into a nucleonk’ ; (E’ ;) is the pion wave

3 number(total energy which corresponds to the decay of a
(E) dke +n free A particle.XﬁT_,;)* is a pion wave function, which tends
xdk, RE 5 > |-|-]z7iﬁ|2, to ex —i[Mc, /(M +My)Jksr} with a relative coordinate
(_) dk <_) dky f betweenA (N) and a core nucleus in the plane wave limit. In
2m) T\ 2w the distorted wave calculation we employ an optical potential
of the MSU grougd 21]. The modified parameter set 1 is used
_ 2 2 (see Fig. 5 in Ref[21]) with a vertex renormalization ac-
Ei=Me o™ Mac™ Eqa. cording to the prescription by Ericson and Bafi@a]. When
we derive the above equations, we assume that a core
£2K2 5C2 nucleus of the initial state behaves as a spectator in the weak-
Mcf+Nc2+h decay process and that the conversion of Ahe N occurs
E—E ot Ci+N locally at a point since the weak interaction is regarded as of
i 112K2 52 ’ zero range.
MchZ+MNCZ+m+chN The initial state ofA=4A hypernuclei with total spin
Ct N S=0 is given by
()
iy =|[ panbals—ot/™), (7

wheren? denotesr~ or 7°. As shown in Fig. 1, subscripts

c;, N, and ¢c;+N denote a core nucleus, an emitted 5 ol -

nucleon, and their bound system in the final statewhere N denotes &H or a *He cluster andy;® is a wave

respectively. In the case of three-body decaysfunction of the relative motion betweek and 3. The in-

Ecn(=/2K2 \/21c n) N the final-state energl; means the  ternal wave functions are described by a harmonic oscillator
! ! ! shell model, where the size paramédige= /My is taken

to be 1.358 fm(1.5 fm) for “He(3N) to fit to the rms radius.

In order to derive the relative wave function, we use an

effective NA central interaction of YNG[23]. Since the

(277)4(ﬁc)3( S(Knppt+Ke, +n) ) interaction is state dependenvN=v,+uv (oy-074)

B ~
T7|12=
ITfi | LOE .6 8(Krpt ke, + k)

relative energy of thec;—N system. Thet-matrix part
|T}Tiﬁ|2 is given by

|T§Ti5|2, 4  +[v,+v..(on ,)]P", the Schrdinger equations become
nonlocal. Each radial form of the interaction is written as
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where the nuclear fermi momentum paramdgers taken to ;‘5; 100 f B L
be 0.82 fm ! and 0.90 fni ! for A= 4 and 5A hypernuclei, &

2%

[74]
<

/
respectively. FOA=4 hypernuclei, the parameters are read- r ff )
justed to reproduce their binding energies: For thestate, I3
w; is decreased by 15@10 MeV for $H(}He), while for 0 A

the 3E state,wj is increased by 153/@210/3 MeV. 0 2 4 6E 8 [M:\(,’] 1214 16
Nuclear wave functions in the final states are determined c.m.

by RGM in order to take precisely the Pauli effects into

account. Coupled-channel equations of tAel+p and FIG. 2. Thes- and p-wave phase shifts fofHe+p. The dash-

SHe+n channels are solved form (7% decays of dotted line(circles, the solid line(crosses and the dashed line

1H(4He), while single-channel equations of isos@ire1  (triangle$ show thesy,, Py, andpay, phase shifts in the calcu-

channels for7%(7~) decays of {H({He). For 3He, a lation (data[25]), respectively.

“He+N single-channel equation is solved. The normalized

wave function|f) is written as of the spin-orbit interaction by a factor 1.35 so as to repro-
duce phase shifts of thpg, and p,, waves. It should be
1 el mentioned that the tensor part is indispensable for reproduc-
\/_K}d’cfd’N]SvT‘/’f ' © ing level structures oA=4 nuclei[18].
Calculated phase shifts &=4 and 5 nuclei are com-
whereS and T stand for spin and isospin, respectively, andpared with the experimental d425]. In Fig. 2, we show the
A indicates the antisymmetrization operator betwegand *He+p scattering case with two resonances mf, and
N. The internal wave functiog. , which is already antisym-  Py2- Theps; resonance is the ground state ¥fi, which is
metrized and normalized, is described with a simple configulocated around 2 MeV above tHfée+ p threshold with 1.5
ration of a harmonic oscillator shell model, where the sizeMeV width. The p,;, broad resonance has about 5 MeV
parameter is taken to be 1.46 fm. The relative wave functioyvidth at 5-10 MeV above the ground state.
*l is obtained as a solution of the following equation: In “Li, phase-shift analyses have been carried out with
scattering data of’He+p [26]. The results show four
negative-parity states with broad widtf&03 MeV for 2,
E||yh=0. (100  7.35 MeV for 1~ (a spin-triplet main statéP,), 9.35 MeV
for 07, and 13.51 MeV for I (a spin-singlet main state
P))]. The phase shifts ofHe+ p are shown in Fig. 3 to-
gether with the calculated results.

We compare cases for twbiN effective interactions,
whose difference is in the central part. One is NHN, whose
result is denoted by solid lines in the figure. The other is
MHN with the vanished'O state part, whose result is de-
H noted by dashed lines. This modification was done in order

_ f , to reproduce the level distance of tHe=0, 0~, and 2

_<A[[¢°f¢N]s*MS'TR]‘( 1 )‘A[[¢°f¢N]5"Mé'T'R] " narrow-width states in*fHe. The modified potential, how-

(11)  ever, is too strong for théP, state as seen in Fig. 3. In the
pionic decay ofA=4 hypernuclei, thé'P, state gives essen-
In the present case, eigenstates of the harmonic oscillat@ial contributions to the spectra, while the @~ states are
represent eigenstates o¥. Eigenvalues of\V have been not so important as discussed later. Therefore, we use the
listed in the previous pap¢R0]. The Hamiltonian is written  NHN potential hereafter. The calculated phase shifts of
as 3H+p and ®He+n are given in Fig. 4, where energies are
A measured from théH+ p channel threshold. A cusp appears
2 2 1 at the 3He+n channel threshold as seen in thg, phase
< Tem® 2, vij, (12) shift of ®H+p. The existence of the sha=0, 0~ state
gives rise to a characteristic behavior of tfie, phase shift
wheret; and T,,, are kinetic energy operators of tigh ~ around 2 MeV.
nucleon and the center-of-mass motion, respectively. We use Thus, the resonating group meth@GM) well describes
an effectiveNN interaction by Nagatat al.[24]: NHN (and  low-energy properties cA=4 and 5 nuclef18,19. This fact
also MHN for comparisonfor the central part and OPEG for enables us to derive the shapes of decay spectra quantita-
the spin-orbit part. Fof*He+ N7, we multiply the strength tively as discussed in the following section.

=2 |A

( 1 ’ 1
W YN
The Hamiltonian kernel{ and the norm kernel of RGM
are written as

HSTST'(R,R'))
Nsts1(RR')
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Ill. RESULTS AND DISCUSSIONS

A. Pionic-decay spectra

T 3| T
" - —2H+p channel

Here we discuss the ™ -decay spectra oA=4 and 5A ! ne’
P{ |\ (NHN int)

hypernuclei, since onlyr~ data are available at present. The
m0-decay spectra are theoretically expected to have similar
behaviors.

The obtainedr™ decay spectrum oiHe is shown in Fig.

5 together with the experimental ddtal. In the figure, we
use a smearing of 0.5 MeV with Lorentzian weight, since the
experimental spectrum has been obtained by counting emul-
sion events with an energy interval of 0.5 MeV. The calcu-
lated spectrum shows a good fit to the data.

Since the initial state of the decay is fixed to the ground
state of hypernuclei, the spectra reflect the structure of the
final nuclear systems. In the~ decay of3 He, the final state
is a scattering state dfHe+ p, which has two resonances of
ps» andpy, as seen in Fig. 2. The twp-wave resonances
determine the spectral shape: The shaypresonance forms
a peak at the totakr~ energy of about 171 MeV. The broad
p1> resonance changes the slope in the tatatenergy re-
gion of 160-170 MeV. Thep-wave contributions to the a0l A |
spectrum are shown in Fig. 6 without smearing. Thg ‘ J e 3 T
peak at 171 MeV appears in both decays through the spin- P ‘
nonflip and the spin-flip terms. They,, component in the 0 2 4 6 8
spin-flip process is negligible.

Now we discuss ther™ spectra ofA=4 hypernuclei. The
two-body pionic deca)ﬁH—>4He+ 7~ forms a discrete peak
at 192 MeV of the totalr™ energy, which corresponds to

Phase shift [deg]

T T T T
- \%He+n channel|

160 |
P\ (NHN int

120 -

80

i
|
|
i

Phase shift [deg]
/

FIG. 4. Thes- and p-wave phase shifts calculated by the NHN
interaction set for théHe system.
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FIG. 5. Thew™ energy spectrum of théHe decay calculated FIG. 6. The calculatedr~ energy spectrum of th§He decay

with pion distorted waves. The histogram shows the experimentapithout smearing. The solid line shows the total spectrum. The
data[3]. long-dashed(dash-dottel and dotted lines denote thgs, and

p12> components in the spin-nonfligpin-flip) term, respectively.

133 MeVk of #~ momentum, and its strength is given with
the partial decay width, 0.618 in Table I. On the other inclusive ™ spectrum of{H as shown in Fig. ©).
hand, the three-body pionic decays form the continuum spec- The =~ decay spectrum oﬁHe has no sharp-peak struc-
tra. Similarly to 3He, the decay spectra reflect structures ofture, as seen in Fig.(@, since all theLi T=1 resonances
the final-state nuclei. IfHe, the lowest three isospii=0  have broad widths. The experimental spectrum’éfe is
excited states have narrow widt8.5 MeV for 0", 0.84  discussed iri27], though it is a crude datum that the energy
MeV for 07, and 2.01 MeV for 2). The other states have interval is 1.0 MeV and the emulsion events are not so many.
rather broad widths, and overlap each other. The obtaineds seen in Fig. 8, the calculated™ spectrum well repro-
pionic decay spectra are shown in Fig. 7. Figures @and(b) duces the experimental dafgig. 7 of[27]), where the spec-
are the spectra of th§H—S3H+p+ 7~ in the spin-nonflip  trum is smeared with 1.0 MeV in view of the experimental
and spin-flip processes, respectively. The spin-nonflip ternsituation.
exhausts about 90% strength. Figuréc)7is the total As a summary, ther~ spectrum oﬁHe has a sharp peak
7~ -decay spectrum ofiH, which is a sum of the with 1.5 MeV FWHM and the spectra =4 hypernuclei
SH+p+ 7 and the®He+n+ 7~ spectra. Figure(d) isthe  have broad peak structures with about 6—7 MeV FWHM,
total 77~ -decay spectrum of He. No smearing is done in the though the peak positions are almost the same around 170
figures in order to see the intrinsic spectral shapes. The maiMeV of the emitted-pion total energy. The difference is
contribution to the spectra comes from the, state as seen closely related to the final-state resonance structures in the
in Figs. 7a) and (d). low energy region under the spin-nonflip dominance of the
Figure 7a) shows a sharp peak which corresponds to thedionic decay. For; He, there is a sharps, resonance in the
T=0, 0" resonance state. The resonance is located betwedifial-state nuclear system. In addition, since the core nucleus
the ®H+ p and the3He+ n thresholds. Then, the spectrum of “He is a spinless particle, the sharp resonance contributes to
3He+n+ 7~ has no peak. Figure(5) shows a narrow peak, the spectrum independent of whether the spimiathanges
which comes from th&=0, 0, and 2 resonances through or not. Forj‘\He, there are no sharp resonances in the final-
the spin-flip term. These peaks, however, are buried in thetate nuclear system. F§H, though low energy sharp reso-

TABLE I. Pionic-decay widths, in units df, , and various ratios.

AH Calc. Expt. ‘He Calc. Expt.

“He- 7~ (a) 0.618  0.69°513[6] *He- 7°(a) 0.348

SH.p- 7 (b) 0.195 3He-n- 7%(b) 0.094

SHe-n- 7 (c) 0.076 3H.p- 7%Cc) 0.048

7 (d:a+b+c) 0.888 1.00°318 6] 7°(d:a+b+c) 0.490 0.53-0.07[6]
0.71+0.10[7]

3H-n-7%(e) 0.186 SHe-p- 7 (e) 0.296 0.34-0.05[6]
0.17+0.03[7]

7% 7 (eld) 0.210 w0 (dle) 1.66 1.59:0.20[6]

4.18(=0.71/0.17)7]
“He-w /m (a/d)  0.695  0.6%0.02[4] “*He #%=°a/d)  0.709
3He Calc. Expt.[5] 2He Calc. Expt.[5]

‘He+p+ 7~ 0.386 0.44-0.11 “He+n+ 7° 0.196 0.18-0.20
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FIG. 7. (a) The calculatedr ~ energy spectrum for the process with the spin-nonflip terfitéf>H+p+ 7. (b) Same asa) with the
spin-flip term.(c) The total continuumsr ™~ spectrum off{H. (d) The total continuumz™~ spectrum of4AHe.

nances exist in the final-state system, they have no largihe other was done at BNI7]. The observed values are quite
contributions to the spectrum for the following reasons: Thedifferent. Our calculated results systematically support the
unnatural-parity resonances cannot be excited by the spifKEK data, whose branching ratios of the’ and ther
nonflip term, being the dominant term of the pionic decay.decay modes were directly measured.
Though the natural-parity excited*Ostate shows a sharp ~ The key point of the present treatment getting the overall
peak, its contribution is small since thewave decay agreement is the evaluation of Pauli suppression and en-
strength is exhausted by the two-body pionic decay to th&ancement effect20] by the RGM without approximation.
ground 0" state. Since the main contributions to the pionic decays come from
nuclear states below 15 MeV excitation, the Pauli principle
has large effects. In the case DHe, thew-decay width is
enhanced to 0.385, from 0.339", obtained by a simple

In order to check quantitative reliability of the spectra, evaluation where nonzero eigenvalues of the RGM norm are
decay widths calculated in the same framework are comput to unity.
pared to the recent experimental dataAer 4 and 5 hyper- Since the above widths are systematically consistent with
nuclei. They are summarized in Table I, and are in goodhe data, ther™ spectra derived within the same framework
agreement with the whole data. The values are quite similagan be reliable not only in shapes but also in absolute mag-
to ones obtained in the previous pap2@], since the initial-  hitudes.
state wave function by the YNG interaction is similar to the
one solved with the\-nucleus potential with central repul- C. Comparison with other calculations

sion. _ _ _ Deloff has studied the pionic-decay spectrafof 4 hy-

For 1H, the two-body decay width and its ratio to the pernuclei carefully taking into account the final-state interac-
total =~ -decay width are obtained to be 0.618and 0.695, tion[14]. He used angular-momentum dependent square well
respectively, which well agree with the experimental data ofpotentials to obtain the final-state nuclear wave functions,
0.69(+0.12,-0.10)I", [6] and 0.69-0.02[4]. The derived  which reproduce the phenomenological phase-shift data of
total 7~ -decay width 0.88B, is also consistent with the 3N+ N systems.
data 1.00¢-0.18,—0.15)", [6]. For 4He, there are two re- The analysis of’Li* is easier than that ofHe*, since
cent experimental data. One was measured at K&Kand low energy levels of'Li have only isospin unity due to the

B. Pionic decay widths
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j‘\He—>3He+ p+a~. The bold(solid) line shows the total spectrum

FIG. 8. The calculatedr™ energy spectrum of théHe decay. ) .
The dashed line is the spectra without smearing and the bold line i%nd dotteddash-dotteflline denotes théP, component calculated

. L . . . i iginal functions® e functions are used as
the one with 1.0 MeV smearing in Lorentzian weight. The hlsto-m;hlg]eo(:]réglnlsvgzzgv;nc lons™Py wav
gram shows the experimental d4&¥v]. ! ' y

3He+ p configuration. Even in the analysis of tH&i sys-  determine final-state nuclear wave functions, since the mi-
tem, however, there remained an ambiguity for the interpreeroscopic cluster model has succeeded in reproducing the
tation of the two I states in earlier days. Two types of low-energy structures oh= 4 and 5 nuclear systems.
solutions in the phase shift,5(*P;)<é(°P;) and Calculateds~ spectra have a peak structure around 170
5(*P;)> 8(°P,) were proposed. Detailed discussions aboutMeV of the total pion energy. The peak width is largely
this ambiguity are given ifi28]. At present the former solu- different betweerA=4 andA=5 hypernuclei. FoﬁHe, the

tion of 8(*P;) < 8(3P;) has been accepted through analysesspectrum has a sharp peak with 1.5 MeV FWHM. This peak
of spin-correlation and analyzing-power data @fle+p is mainly formed by theps, nuclear resonance of theli
scatteringg 28], whose behavior agrees with that of phaseground state. Fof\H and ‘kHe, the spectra have broad peak
shifts obtained from RGM calculations. Deloff, however, structures with 6—-7 MeV FWHM. These peaks are mainly
adopted the latter type of phase shifts. KB, phase shifts, formed by the'P, broad resonance &=4 nuclei. Though
which correspond to th@P; ones in the present solution, are in “He sharper resonances of tiie-0 channel exist in the
too large. The maximum phase-shift value for his potential iJow-energy region, they cannot sizably contribute to the
about 45°, while that for appropriate one is about 30° as seegpectrum due to their unnatural spin-parity nature.

in Fig. 3. Since the'P; waves mainly contribute to the In the present paper, we have also evaluated the partial
pionic-decay spectra ofA=4 hypernuclei, his spectral decay widths of the hypernuclei. The calculated widths are in
shapes become generally sharper than the present results. good agreement with the whole experimental dat#ef 4

see the difference, we compare the origiffale spectrum and 5 hypernuclei. As the obtained spectrun? bfe shows a
with the spectrum calculated by replacing th®; wave good fit to the data, ther~ spectra ofA=4 hypernuclei
functions with the*P; wave functions of RGMFig. 9. The  calculated within the same framework can be regarded to be
spectrum has a rather sharp peak with 4.5 MeV FWHM(eliable. These pionic-decay spectra are necessary for the
while the original one has a broad peak with 6 MeV FWHM extraction of the production rates of the hypernuclei popu-

caused by the weakéiP; interaction. lated by means of various nuclear reactions as discussed in
Recently Motobaet al. have also discussed the pionic- the Introduction.
decay widths and spectra fé&r=4 and 5 hypernucl€il5]. The pionic decay is also important for identifying hyper-

Their partial decay widths are consistent with the presenhuclei with strangeness 2 [15]. In the near future, measure-
calculations except for the two-body decay widthsAct 4 ments of production rates of hypernuclei would become pos-
hypernuclei. In the calculation of spectra, however, they usedible not only forA hypernuclei but also for doubl&-ones
simple Gaussian potentials to determine the final-stat®y using pionic-decay widths and spectra. Then, such a sys-
nuclear wave functions, which do not well-reproduce resotematical investigation of pionic-decay observables as the
nance behaviors of the nuclei. For example, the maximunpresent work would be required for possible light douhle-
phase-shift value for theitP, potential amounts to about hypernuclei.
60° in “Li*. Then the obtained spectra are not suitable to be
used for detailed comparison with the experimental spectra.
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