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On the basis of thé\HE‘F N+ N three-body model which has successfully been applied to a systematic study
of the energy and nucleon halo structure of fwe 7 isotriplet hypernuclei, strengths of transitions in{ Li
and [ He are calculated. The new model confirms thatBRE2;5/2" —1/2") value in jLi is reduced remark-
ably in comparison with the correspondiBE2;3*—1%) in the core nucleu$Li. This is due to the gluelike
role of theA particle which induces a contraction of the core nuclear size. It is suggested that a measurement
of the 5/2" — 1/2"E2 transition rate inZ\Li (ongoing at KEK as E41)%rovides a unique opportunity to derive
the hypernuclear size and hence to confirm the size contraction experimentallfe2TeadM 1 transition
strengths are also predicted for low-lying states in the hypernucﬂblmswhose core nucleu#e is known to
have a neutron halo. Another prediction is made of much enhaB2etlansitions injLi from the 5/2" and
3/2"(T=1) states which are expected to have a proton halo stru¢®&0856-28189)00705-0

PACS numbd(s): 21.80+a, 21.10.Dr, 21.10.Gv, 21.45yv

| INTRODUCTION ~ fulness of the new; He+N+N model was demonstrated by
One of the interesting aspects in hypernuclear physics ighe fact that all the existing experimental data for fe 7

toh.inr\]/(.ast;gatef nuclﬁar relsponsesllto an ?ddeq1yperonl hypernuclei(the binding energies of Li and {Be, and the
which is free from the nuclear Pauli principle. Since nuc €alaycitation energy of the 5/2state ofXLi) were well repro-
incompressibility is high in general, one might expect only

litle changes in the nuclear core due to theparticle [1]. _duced and the eX|st_ence of nucleon halo states was predicted
in these hypernuclei.

However, this is not necessarily the case in light nuclei In ord ) : h fthe-7 h
where cluster structure prevails and the constituent clusters '™ OT9€r to investigate the structure of tAe= 7 hypernu-

are loosely combined and hence can be readily changed K€l @nd extract information on thaN interaction, an ex-
even a weak influence. Theoretical studies of light hypernuP€rimental projec(E419 with high-resolutiony spectros-
clei based on the cluster model have predicted a sizable dyEOPY is under way at KEK4]. The first purpose of this paper
namical contraction of hypernuclear systems induced by thé to predictE2 and M 1y-transition probabilities oA=7
gluelike role of theA particle[2]. These studies were made hypernuclei with the improved wave function8] before
mostly of systems composed of a stable nucleus ard a €experimental results are reported. The calculated results not
particle. only update the strengths for electromagnetic decay of low-
On the other hand, a new type af addition to anun-  lying states in/ Li given in Ref.[2] but also give essentially
stablenucleus having a neutron or proton halo was investinew estimates associated with the hypernuclear halo states. It

gated by the present authors and their collaborators in thg indeed interesting to expect enhand®l transition rates
case of theA=7 isotriplet hypernucle[3]. Instead of the i proton-halo states iALi (T=1).

models jLi=a+d+A and ®Li=a+d employed in Ref. It is of particular interest to experimentally measure the
[2], Hiyamaet al. [3] proposed ajHe+N+N three-body  size of any hypernucleus for the first time and compare it
model for theA=7 hypernuclei {He, iti, and jBe) to-  with that of the core nucleus. In the work of Rg2] based
gether with ana+N+N model for theA=6 nuclei CHe, on the microscopic a+x+A three-cluster model X
®Li, and ®Be) and made a unified study of those systems=d,t,3He) for light p-shell hypernuclei together with the
successfully. It was also found that the deuteron-cluster ap+x two-cluster model for the nuclear core, it was pointed
proximation is broken by~40% in SLi and {Li. The use- out that such contraction of the hypernuclear size could be
recognized from a reduction of thieE2) strength since it is
proportional to the fourth power of the distance between the
*Present address: Yaskawa Information Systems, Yahata, Kitakyx andx clusters; for example, 600—18% reduction of the
ushu 806, Japan. a—X distance due to the\ participation leads to &35—
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M A Moo M W preceding work[3]. Namely, we employ ajHe+N+N
model for theA=7 hypernuclei and aw+ N+ N model for
) R, R) r R the A=6 nuclei(Fig. 1). The interactions between the con-

stituent particles are taken as follows: We fully take into
account theN N correlations between the two valence nucle-
ons by employing a realistibIN interaction of the Bonn-A
type[6]. As for theaN interaction, the one proposed in Ref.
c=1 c=2 c=3 [7] is adopted; it reproduces precisely thdN scattering
FIG. 1. Jacobian coordinates of the three rearrangement Cha’p_hase shifts at low energies. The Pauli prlnC|pIe b_etween the
nels adopted for the “core? N+N model of A=6 nuclei anda  valence nucleons and thecore nucleons is taken into con-
=7 hypernuclei for which “core” denotesr and SHe clusters, ~Sideration by introducing a projection operator which rules

core core core

respectively. out the amplitude of the Pauli-forbidderN state (&) from
o the total wave function. As for thA N interaction, we em-
55)% reduction in theB(E2) values[2]. ploy a one-range Gaussi#®@RG) potential proposed in Ref.

In general the electric quadrupole mom@itJy <) should  [2] which has been useful in the systematic study of the
provide direct information on the size of a hypernucleus if itstrycture of light hypernuclei based on the cluster méag!
is measurable. However, the possibility might be very 10w inTpe 4 A interaction is constructed by folding theN inter-
the near future. In addition it is hard to know the intrinsic ; 0n into the nucleon density of the particle. Similarly
waiﬁfpsle é}lef?rmation of thet grfom:f?d rs]tate WkielﬂllE22+. the interaction between th§He cluster and a valence
e think about measurement of the hypernuclB4&2) nucleon is obtained by folding theN and AN interactions

values, mstead_ GD(‘].Q-S)' as a unique |nd|cat|o_n of the size. into the @ and A densities of3He. We note that the use of
In order to realize this possibility, we have to find a nucleus- notherAN interaction such as YN@effectiveY N G-matrix
hypernucleus combination such that both of them have a teraction by Yamamoto and Ban@i8]) may lead to a little
least two bound states which are stable to particle-emissiol). y y ;
ifferent resultq9]. Here, however, we focus our attention

decays and are connected by 2 transition. In the light n the dynamical contraction of the relative motion amon
p-shell region where the cluster structure dominates, we se y 9

two candidates for such a combinatic?rh_'i-ZLi and 7Li-iLi. t € core and MO valence nucleons in ”_“97 hypern7uc_lei
In view of the easier production ofLi through the without assuming a “deuteron” cluster in the case ,gﬁl._
(K~ or (=" ,K") reaction, we haveAnominated the first One may refer to Ref10] for results of the contraction with
combination. In fact, ay ray from RLi with an energy of ORT?] a?hd YNbG ;yssﬁnlibrnnmg a degteroqtﬁl?ﬁtg&tln. fi
2.034 MeV has been already observed at BISl, so that a € three-hody ¢ ger equation wi e interactions

t of the absoluE t i bability f mentioned above is solved accurately with the use of the
mefsurerrle_n 0 7e_ absolu ransition probabiiity for coupled-rearrangement-channel Gaussian basis variational
5/2"—1/2" in the ,Li ground band seems most promising.

- o A method which has been developed by two of the present
It should be noted that the empiricB(E2;3" —1") value  5,thors(E.H. and M.K) and their collaborators, and has suc-
of the corresponding transition in the core nuclefisi, is  cessfully been applied to a variety of three- and four-body
known already from an inelastic electron scattering eXperigystemd3,11-15. According to this method, the total wave
ment. function of theA=7 hypernucleus, Z is described as a sum

7 h8f the amplitudes of the three rearrangement channel$
measurement d8(E2;5/2"— 1/2") in | Li and to propose a ~3 in Fig. 1[see Eq(3.4) of Ref. [3]]:

prescription to derive the size of the ground state \af

from that B(E2) value with the aid of the empirical 3
B(E2;3"—1") and the size of the ground state %ifi. We Vim(R2)=2 2 (@1(3HO{ (% (r¢.Ro)
examine seriously the usefulness of this prescription by c=1158

checking the consistency between the theoretical values of
those physical quantities calculated with tﬁdHeJrNJrN
model and thew+N+N model of Ref.[3]. In Sec. I, we
briefly recapitulate the model and interaction of R&f in ~ Here, ¢{9(r¢,R.) is the spatial coordinate amplitude with
order to show that the wave functions are general enough tangular momenturrd, and x1,5(N;) and x1N,) are the
describe the systems. In Sec. B(E2) andB(M1) values two-nucleon spin wave functions coupled to s@nwith |

are calculated for the low-lying states éHe andXLi. In and S being coupled toJ,. d)l,z(iHe) denotes the wave
Sec. IV, we propose a prescription to estimate the size ofunction of iHe with spin 1/2 which couples with, to the
hypernucleus; Li from the B(E2;5/2" —1/2") value to be total angular momenturd=J,=1/2. Similar wave functions
measured experimentally. A summary is given in Sec. V. Anare adopted fofLi [see Eq(3.2) of Ref.[3]]. Each¢,(r,R)
appendix shows distorted-wave impulse approximatioris expanded in terms of Jacobian-coordinate Gaussian basis
(DWIA) predictions of differential cross sections for the functions associated withandR:

"Li( " ,K ™) Li reaction atp,=1.05 GeVE.

X[xw2AN1) x12(N2) Is} 3 )am - (2.7)

Nmax Nmax

Il. MODEL AND INTERACTION dm(R)=>, > > cl r'Ree (Mm’e(RRY?
I,LL n=1 N=1

The model and Hamiltonian used to generate the wave R R
functions employed in this paper are the same as those in our XY, (N®YL(R)]im - (2.2
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+A)+n+pandinFig. 3 forXHe= (a+A)+n+n, respec-
tively, together with the energy spectra. The transition rates
T(E2) andT(M1) are listed in Tables | and Il as well as the

1 B(E2) ofm*

| 2
i (MeV) v BM1) nm v-ray energies. In the following subsections, we discuss the
L results forE2 transitions betweem=1 states, those fdvl 1
JNT transitions, and those f&?2 transitions betweeh=_0 states,
Jr,T 624 Oio e 5/2%,1 respectively.
& oty 09T T T 11713251 From an experimental point of view, the yield of eagh
’ 4.58 ' laso] | transition to be observed is closely related to the formation
5r 14‘02 015 j | %20 rates of the states in the production reaction. Thus we show
428 l — ' ' ! ! f ‘ 1/2*1 in the Appendix DWIA estimates of typical differential cross
4r 01 Zﬁ;r—d————r-[—:—'!'-:—:-'}'-*- ' sections for the ’Li(#",K")iLi reaction at p,
' 441 I [ 003 | 415 =1.05 GeVEt. In fact, these predictions have been refer-
3 (1%22) 3.00 — ——————-7/2%0 enced in the proposal of the KEK-E419 experimpfit A
— 3", 360 030 1yl minor remark is that shell-model wave functions are em-
21 %081 S P71 B B B 5/2",0 ployed in these cross section estimates.
i 12.42 1883 | 017 Before discussing the results, we note the experimental
1 : 056 Y : ' L I '1/ % 3/2%0 particle-decay thresholds which are relevant to Fig. 2. The
| ’ 0.32| I ' thresholds in®Li are atE,=1.48 MeV and 3.70 MeV for
ol ' 10 000 y V! v 1/2*0 a+d(T=0) anda+p+n, respectively. The lowest particle
threshold in {Li is for He+d(T=0) at 3.94 MeV. The
6L; TLi bLi+A(T=0), §He+p, and 3He+ p+n thresholds are lo-
cated at 5.58 MeV, 5.99 MeV, and 6.16 MeV, respectively.
FIG. 2. Calculated(E2) andB(M1) values for®Li and ;Li.  Itis to be noted that, within the presepHe+N+N three-

The observed values fdiLi are in parentheses. The particle-decay body model, the calculated 17/T=1) state is obtained
thresholds are 3.94 MeViHe+d), 558 MeV CLi+A), 599  slightly (by a few parts of 1 MeY above theiHeer(T
MeV ({He+p), and 6.16 MeV {He+p+n). =0) threshold and the 5/ZT=1) state is above th§He

. ~ +pand3Het p+n thresholds. Here we like to remark that,
Here, the Gaussian range parameters are chosen to lie inyghen a more sophisticated calculation within e N+ N
geometric progression,; this choice is known to be suited for p four-body model is performef], these states go down
describing both short-range correlations and long-range tafj;rther under the respective thresholds. Therefore, even in
behavior of three-body systeni$1-19. Examples of the he present framework, we list the calculatBgE2) and
angullar mqmentum space and the Gaussian range parametgr(ﬁM 1) values for they transitions from theT=1 states in
are given in Ref[3]. 7 Li, assuming that the values will not change significantly in

the four-body model calculation.
Ill. CALCULATED E2 AND M1 STRENGTHS

IN {He AND }Li o .
A A A. E2 transitions involving neutron- and

For theA=6 nuclei andA=7 hypernuclei, the calculated proton-halo states with T=1

energies and intercluster distances are all listed in the tables 1,4 0*(T=1) ground state ofHe and the 0(T=1)

of Ref. [3]. In the present paper, we newly calculate he  giate afE =356 MeV in bLi are known to have a neutron

transition strengths for these systems. The calculB@L)  55[16] and a proton half17], respectively. In our preced-

andB(M1) values are summarized in Fig. 2 fglLi=(a ing work[3], it was shown that the addition of/a particle to
theseA=6 nuclear halo states stabilizes the system remark-

l B(E2) 6*m* ably; the A particle even makes the next e_xc_iteEi(Z' =1)
states come down below the nucleon-emission threshold to

Iv B(M1) nm? form new hypernuclear nucleon-halo states in A7 hy-

Ex (MeV) pernuclei with the spin 3/2 and 5/2". Thus theE2 transi-

tion probabilities from these 3/2and 5/2 (T=1) states in

! Li are expected to be enhanced because of the extended tail

0.065 — .+ of a valence proton. In fact we obtaB(E2; 5/2"(T=1)

B , 204 T 52, —1/27(T=1))=4.58 e fm* which is much larger than the

2 169 ' 3/2 “normal” transition rate between the correspondifig=0

1 0.0590.068 statesB(E2; 5/2"(T=0)—1/2"(T=0))=2.42 2 fm*.

l 1 The calculated 3/2(T=1) and 5/2 (T=1) states are lo-

0.0 12" cated above th§ He+d(T=0) threshold. The decay from
theseT=1 states into the;He+d channel requires some
6He RHe isospin mixing, as discussed many years ago by Dalitz and

Gal [18]. In their shell-model study of Li, they concluded

FIG. 3. CalculatedB(E2) andB(M1) values for®He and | He. that such isospin mixing would be sufficient to prevent the
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TABLE |. CalculatedE2 transition rate§(E2) andB(E2) values of(a) jLi and (b) jHe. E, is the
vy-ray energy. The shell-model estimate is denoted as S.M.

(@ ALi
3. Ti—=J. T B(E2) (e?fm%) E, (MeV) T(E2) (sec?!)
3/2",0—-1/27,0 0.15 0.86 8.5.10 Present
5/27,0—-1/2",0 2.42 2.19 1.510" Present
2.46 1.99 9.5 10'° a+d+A [2]
—3/2",0 0.74 1.33 3.810° Present
0.40 0.89 2.X10° a+d+A [2]
712+ ,0-3/2,0 3.69 2.14 2.60101 Present
3.04 1.82 7.410° a+d+A [2]
—5/2",0 0.38 0.81 1.510° Present
0.13 0.93 1.K10° a+d+A [2]
5/27,1-1/2" 1 4.58 1.96 1.&10" Present
3/27,1-1/2F 1 4.02 1.63 5.%10° Present
(b) 1He
Ji . Ti—=3. T B(E2) (e?fm?) E, (MeV) T(E2) (sec?l)
3/2* 1-1/2t 1 0.059 1.69 1.810° Present
0.034 (1.69 5.7x10° S.M.[20]
5/2% 1-1/2t 1 0.068 2.04 2910 Present
0.032 (2.09 1.4x10° S.M. [20]
rays from theT=1 states from being observed. In this con- B. M1 transitions in {He and jLi

: Mt (T—
nection, however, we note that, as far as fié0 *(T=1) As seen in Fig. 2, the largB(M1) value of the decay

state €,=3.56 MeV) lying above thex+d threshold is g4 yhe 0"(T=1) proton halo state irfLi to the 17 (T
concerned, no pa_rtlcle decay hgs been repo_rted gxpe_rl_meg-o) ground state is known experimentally by the inverse
fcally [19], sug_gestlng thfalt?thgre is almost no ISOSPIN MIXING; 0 astic electron scattering. The value is well reproduced by
in the 1/2°(T=1) state inLi and that the state lying even

) the presenta+n+p three-body model, and the lardé 1
above thef’\He+d threshold will decay only througly tran- i o : :
sitions. Although the situation for the 3/2T=1) and transition probability is attributed to the fact that spin of the

5/2"(T=1) states in}Li may be different due to the higher- E)?tg? ;ﬁlruf;ra;%en?ef;?ﬁ ’i;gh';%sg’a: %hv:tg diir:teiotgxtg:)a?rr-
energy position of the 2(T=1) core state irfLi, we list in g ged.

: . ticle to the 0°(T=1) and I"(T=0, g.s) states ofA=6
L?glit:;ctjr;e theoreticay-decay rates to be referenced in fu- nucleus leads to the 1/2T—1) state and the 1/2-3/2*

Contrary to the case o}\Li, E2-decay rates of the 312 doublet (T=0) of states inRLi, respectively. Thus it i75 in-
and 5/2 states in}He=(a+A)+n+n are estimated to be teresting to see whether the correspondifiy) decay in Li

very small: there is no contribution coming from the motion [1/2" (T=1)—1/2"(T=0) and 3/Z (T=0)] undergoes any
of halo neutrons with respect to the c.m. e but there is ~ change due to the addei particle. We find that sum of

a small contribution from the recoil motion of ther A part.  B(M1; 1/2"(T=1)—1/2"(T=0)) and BM1; 1/2°(T

It is interesting, however, to point out that in the present=1)—3/2"(T=0)) in Li, with the rato 1 : 2, isnearly
estimate theE2-decay rates of the 5f2and 3/2 states go- equal toB(M1; 0" (T=1)—1"(T=0)) in °Li, showing

ing down to the 1/2 ground state are both the same order ofno reduction of the former sum in comparison with latter.
magnitude as the freeA particle’s decay rate (3.8 This is rather natural since tH&(M1) strength merely re-
x10° s71, or the lifetime is 260 ps while a shell-model flects the radial overlap between the initial- and final-state
estimate suggests it qualitatively to be less thafi §0'  wave functions, and in fact the relevant overlap value in the
[18], although the numbers are rather sensitive to the wavérmer is similar to the one in the latter. One should note,
functions employedi20]. Note that, according to the theoret- however, that shapes of the wave functions themselves are
ical estimate, the 5/2 state itself will decay predominantly substantially different betwee]@Li and SLi.

to the 3/2 state by theM 1 transition. Thus we remark that  In the M1 transitions for 5/2(T=1)—7/2"(T=0) and
observation of theE2y rays from the 3/2 (3/2, 5/2"; T 3/2"(T=1)—5/2"(T=0), both process involve thenp)
=1) halo state inRHe (XLi) would contribute to the study pair-spin changes fror§,,=0 to S,,=1, since the 5/2(T

of not only the hypernuclear halo structure but also the ex=1) and 3/2(T=1) have the structurg2™(T=1°Li)
citation mechanism of neutron/proton halo of the ordinary® 1/2(A)]. Therefore, we have as lar@gM 1) values as in
core nucleus’He and®Li (T=1) in which noy transiton the M1 transitions 1/2(T=1)—1/2",3/2*(T=0) men-
can be seen due to the prompt particle decays from the 2tioned above. On the other hand, we see B¥é1;5/2" (T
state. =1)—5/2"(T=0)) is much smaller since the change of the
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TABLE II. (a) CalculatedM1 transition probabilitiesT(M1) andB(M1) values forf\He andXLi(T
=0) together with the results given in Ref&], [18], and[20]. E, is the y-ray energy. The shell-model
estimate is denoted as S.kh) The same values for tHE=1—T=0 andT=1—T=1 transitions inRLi.

@

3\ Ti—J;,T; B(M1) (ud) E, (MeV) T(M1) (sec?!)
THe 312t 1-1/27 1 1.5x10°° (1.69 1.3x10° S.M. [20]
5/27,1-3/27 1 0.065 0.35 4.910% Present
0.053 1.22 1.%10% S.M.[18]
0.098 0.20 1.5 10'° S.M. [20]
L 3/2Y,0-1/2°,0 0.322 0.86 3.810' Present
0.352 1.10 8. 10 a+d+A [2]
0.364 0.25 1.610 S.M.[18]
0.309 0.43 4.5 101 S.M. [20]
5/2+,0—3/2",0 1.2x10°° 1.05 2.5 10° S.M.[20]
712+ ,0-5/2",0 0.299 0.81 2.810% Present
0.365 0.93 5.X10% a+d+A [2]
0.352 0.40 4. 10™ S.M. [20]
(b)
3. Ti—J;. T B(M1) (u2) E, (MeV) T(M1) (sec?)
1/2,1—1/2 0 4.41 4.28 6.X10'°
—3/2",0 8.83 3.42 6.X10'°
3/2F 1-1/27,0 0.15 5.91 5.4 10
—3/2",0 0.03 5.05 7.510'°
—5/27,0 3.90 3.72 3.810'°
5/2t 1-3/27 0 0.17 5.38 4.%10%
—5/27,0 0.20 4.05 2.4 10"
—7/27,0 4.15 3.28 2.610'°
—3/2" 1 0.30 0.33 1.810

(np) spin and the\ -spin flip are both necessary in this tran- with the use of ana+N+N+ A four-body model which
sition. Also, B(M1) values of 5/2(T=1)—3/2"(T=0) provides an extended model spad@. In order to get a
and 3/2 (T=1)—1/2",3/2"(T=0) are small. This is sim- simple idea for the order of magnitude, we list instead the
ply because the dominant components of the wave functionshell-model value; the estimaf@0] gives B(M1)=1.22
require the change of the total orbital angular momentumy 10~ 5u2 which corresponds td(M1)=5.1x 1% s ! if
from =2 to1=0. our E,=1.33 MeV is assumed. This rate is one order of
It is well known thatA spin-doublet states ifLi provide magnitude smaller thafi(E2: 5/2°—3/2") in Table I. The
us with very useful information on the spin-spin component,, ; 4+ A cluster mode[2] leads to a far smaller valugve
of AN interaction. The calculate®(M1) values for the | i make the estimate within the+N+ N+ A model in a
transitions 7/2(T=0)—5/2"(T=0) and 3/2(T=0) forthcoming paper
—1/2°(T=0) in ALiturn out to be almost the same as those |t is also interesting to see anotheforbiddenM1 tran-
given by thea+7d+A cluster model2] and by+the shell sition for 3/2" going to 1/2" in 7 He. Again the shell-model
model [18]. In jHe, B(M1; 5727(T=1)—=3/2"(T=1))  yaue is very small:B(M1)=1.5x10 %42, which corre-
based on the present model is nearly the same as that W'gbonds toT(M1)=1.3x10° s™!. As the E2 transition
the shell mode[18]. This is because thA spin flip is es- probability T(E2; 3/2+ —1/2")=1.0x10° s ! is simi-
sential, and the radial overlap between the initial- and ﬁnal]arly small [cf. Téble (b)], the decay of the 3/2in XHe

f‘rt]at? W?\t/: iu%ctlo?]s W'th'nf(?[ﬁCh mno]dzl 'ISV‘;"T"ir ': ;pﬁe Ofroccurs mostly via the weak decay channel and the electro-
diﬁ I’a?’lt fram € Sh aﬁfsr ot these model wave functions ar%agnetic decay should be the minor channel. This is one of
erent lrom each other. the characteristic features of the hypernuclear decays involv-

S i _ "
Itis mterestl.n'g tq Ee“.”a”‘ that the 57gT=0)—3/2"(T ing neutron-halo structure together withforbidden M1y
=0) M1 transition inj Li should be very small because the .- qition.

M1 matrix element connecting the dominant components of
the states is both forbidden and isoscalar. However, the

B(M1) values of this type of transition have not been esti-
mated with the present wave functions, since the estimate of In Table lli(a), calculatedB(E2) strengths inXLi are
very small transition rates should be calculated more reliablyisted together with those given by the+d+ A cluster

C. E2 transitions in {Li (T=0)
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TABLE llI. CalculatedB(E2) values for(a) jLiand (b) °Liin  therefore the calculateB(E2; 3*—1") value is smaller

units of e” fm* together with the experimental value fBi. by ~30% in comparison with the observed value. It is to be
stressed that the preseatt N+N model including suffi-
(@) AL ciently long-ranged basis functions reproduces the observed
Transition Present Ref2] Ref. [18] value.
52t —1/2* 2.42 2.46 8.6
_3/2t 0.74 0.40 31 IV. POSSIBLE DERIVATION OF HYPERNUCLEAR SIZE
712+ . 3/2¢ 3.69 3.04 o FROM B(E2) STRENGTH
We now discuss in more detail the shrinkage of the
(b) °Li nuclear size which is reflected in the reduction of B{(&2)
Transition Present Ref2] Exp.[19] strengths estimated here. Since the™5/21/2" transition is

the most probable of the thré&2 transitions in the ground-

state band ofRLi to be measured experimentally], we

consider only this case in the following.

model[2] and by the shell modé¢lL8]. The B(E2) value for In order to see how thE2(5/2" —1/2") transition prob-

the corresponding transition3-1* in the core nucleu§Li  ability in {Li is reduced with respect to thE2(3"—1%)

is shown in Table lilb) together with the experimental value one in 8Li, and also to see how its reduction is related to the

[19]. In the calculations of the present model and thed  change of size, we define the following ratio:

+ A model, no additional effective charge is assumed. The

B(E2) values of {Li from the shell-model calculatiofi8] _ B(E2;5/2"—1/2")

are much larger than those given by the two types of cluster- Ig= IB(E2:3"—1") ' 4.1

model calculations. This is due to tleepriori assumption

[18] that no dynamical change of the hypernuclear size 0Cigre the factor of, in the denominator is introduced to take

curs and also that the sum of the two transitions from thenig account the branching relation that BEE2) value of

5/2" state is normalized to the observB(E2) value(at that the 3" 1" “core transition” is shared agB(E2;5/2"

time) of the core-nucleus transition'3-1". —1/2")+ 2B(E2:5/2 —3/2") if the coupling of A parti-
On the othe_r _hand, the results from the two types of clusgje'g spin 6, =1/2) works only kinematically with no dy-

ter model exhibit a strong reduction of t7i§£§E2) strength  namical effect; the branching relation between the hyper-

QUe to the shrlnkagg of the nuclear .SIZGAIDI by the glue-  uclear transition); = J., + S, —J;=J.*S, and the “core

like role of theA particle. The dynamical change in structure yansition” J’— J. is described by2]

is naturally taken into account in these cluster models. In ¢ e

Table IV, which lists the n_’:ltIOB(EZ; Zx'—')/ B(E2; °Li), B(E2;Ji—Jp)=(2J;+1)(2J.+1)

one sees how large the shrinkage effect is. The present cal-

culation updates the reduction B{E2) obtained previously XW(JI:Sp2d;; IpdH)2-B(E2; J—Jdo,

by the @+d+ A model[2]. The reason for a little underes- 4.2)

timate in the previous calculation is that the basis functions '

adopted in Ref[2] are not quite adequate to describe theyhere the subscripts and H emphasize the “core transi-

spatial extension of the ‘3 state wave function ofLi and  +tion” in the hypernucleus ). Then Eq.(4.1) is expressed

alternatively as

3F—1* 9.62 6.6 9.321

TABLE IV. Ratio of the B(E2) strength in/Li to the corre-
spondingB(E2;3*—1") in the core nucleu$Li and the ratio of ot 4+
the core-Gp) mean distances. — B(E2:3; —1c)n

® B(E2:3t—17)

4.3

Reduction factor Present Ré¢R] Ref.[18]
We can obtain guidance to the relationship between this
B(E2; 5/2"—1/2", 3/2") 033 0.44 10 I's value and the ratio of hypernuclear and nuclear sizes by
B(E2; 3" —1") ' ' ' considering a simple minded+d cluster model for®Li in

(assumey which the deuteron is tentatively assumed to have no internal
structure except the spif;=1. Denoting thea—d relative

B(E2; 7/2"—~3/2") 0.38 0.46 - angular momentum ak,_4, the 3" and 1" states of®Li
B(E2; 3" —1%) have the stretched angular momentum couplidg_4
®Sq];-3+1+ With | ,_4=2 and O, respectively. Therefore
B(E2:5/2" —1/2") the 3" —1"E2 transition probability can be related to the
Ig= 0.32 0.49 - “rotational deexcitation” corresponding to the, 4=2"

IB(E2; 3" —1%) 0* transiti : )
- — ransition as far as the angular momentum is con
Re-a(3Li) 0.75 0.83 ) cerned. By applying also the relation of E@.2) with Sy
R, 4(°Li) ' ' =1 instead of Sy=1/2, we obtain B(E2; 3"—1%)
=B(E2; l,_4q=2"—07"). If one simply assumes the
2This value corresponds #,_4(%Li)®¥=2.94 fm andR,_4(°Li) +d dicluster system to be a rigid rotor for which the defor-
=3.95 fm. mation is represented by the intrinsic quadrupole moment
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Qo, then one get8(E2; |, 4=2"—0")=(1/167)e’Q3. 0.03——————————————
By inserting these two relations into E(t.3), the ratiol'g @)
can be reexpressed within this approximation as / e B (1)

~ Qq(c—d, jLi)?
" Qu(a—d, °Li)?’

0.02} \ — fLi(/2%) -

B 4.9

where ¢ denotesiHe, with the structure of|Li similarly
accounted for by & He+d dicluster. Because the intrinsic 0.01t \
quadrupole momenQ,(a—d, °Li) is proportional to the & N

square of thea—d mean distanceR,_4 and similarly N
Qo(c—d, ZLi) to the square oRR;_4, we finally obtain the
approximate relatiod' g=R%_,/R%_ or N .

- P(Tn—p) (fm_l)

2
n
Z

1/4 Tn—p (fm)

B(E2; 5/2" —1/2%)
(4.5

IB(E2; 3t —1%)

Re_g(ALi)
Ry q(®Li)

0.03——— T
(b)

——- S (1*)

In the present paper, we do not employ the rigid deuteron
model but allow the free motion af and p with respect to
the core @ or c=?\He). In the following, the relation of Eq.
(4.5 obtained above in an approximate way is not assuaned
priori but it should be tested with the wave functions calcu-
lated within the sufficiently large model space and wider
degrees of freedom. If the addition of thAeparticle does not
change the internal motion of the—p pair alongr,_,
(namely,rz in Fig. 1) but contracts only the core(np) rela- |
tive motion alongRere- (np) (N@mely,R in Fig. 1), then the ] \
expectation value of the angle part of tii&2 operator, / AN

Yz(ﬁcor&(nm), is not affected by the contraction of the P A Mt
core— (np) distance. In this case, we can safely assume the 0 5 10
B(E2) value to be propotional to the fourth power of Reore—(np) (fm)

Reore- (np) @nd use Eq(4.5). , S

lating the left-hand sidéLHS) and (RHS) separately with ~ fined by Eq.(4.6) multiplied byry, . (b) The (np) pair c.m. den-
the wave functions obtained with the precediag-d+A S distribution p(Reore- (np)) defined by Eq.(4.7) T“!t'p"ed by
model[2]. Then we find that the RHS of E@4.5) is esti-  Reore-(np) - BOth are for the ground states Bii and {Li.

mated to be[2.46/(5 x 6.6)]"*=0.83, which is revealed to A< shown in Fig. 4a), the n—p relative densityp(r,_,)

be very close to the LHS value of (3.13 ¥3.80 fm)  exnibits almost the same shape for the ground statél of
=0.82. This consistency in calculation guarantees the validy g that on\Li' namely, the shrinkage of the—p distance
ity of the use of Eq(4.5) in the following. = gye 1o theA participation is found to be negligibly small.

As mentioned before, the observad(E2; 3" —-17) On the other hand, in order to see the degree of shrinkage
strength is underestimated in RgE], but is reproduced by in the motion of the c.m. of then(p) pair with respect to the

the present work. In the present treatment with then 5 : -
He) core, we introduce thenp) c.m. density as a func-
+p model CLi) and 5He+n+p model (Li), a “deuteron . (i ; ) b 2 y
tion o RCOI‘GF(np) y

cluster” is not assumed for the valence neutron and proton,

0.02 / — Li(1/2%) -

—(np) p(Roore—(np)) (ﬁn_l)

0.011

‘core

since the deuteron-cluster approximation turned out to be R o T 5

broken by~40% in 6Li and {Li [3]. In other words, here P(Rcor&(np>):f |W(°Lior jLi,g.s)|

we have all three-body degrees of freedom in our wave func-

tions on an equal footing. We first examine whether the xdrn,pdﬁcor&(np)Mrr. 4.7

shrinkage of {Li occurs along then—p relative distance _ _ _ _ _ o
rn—p Or along the distance between the core and the c.m. dis illustrated in Fig. 4b), this density distribution
(np) pair, Reore-(np) - We introduce then—p relative den- p(Reore(np)) Of XLi is remarkably different from that of
sity p(rn—p) Which is given by integrating the three-body ®Li, showing a significant contraction along e (np)

density overRege (np and the ang|én_p: coordinate due to thé. addition. In fact, the rms distance
Reore- (np) IS €stimated as 2.94 fm fofLi (1/2*) vs 3.85 fm
_ 6 i 7 2 ~ for SLi (17).
p(r“*P)_j [W(°Lior jLig.s)| dReore- (npydrn-pf4. We then conclude that, by the addition of theparticle to

(4.6 SLi (17), contraction of Li occurs between the c.m. of the
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(np) pair and the core whereas tme-p relative motion provides us with théB(E2; 5/2"—1/2") value and hence
remains almost unchanged. It is interesting to point out thathe size of {Li can be derived along the prescription pro-
in spite of considerable breaking of the “deuteron cluster,” posed above.
the present result assures the validity of E45) as in the
case ofa+d+ A model. Now we again make a test of Eq.
(4.5 based on our model. Using the present wave functions, V. SUMMARY
we find that the LHS of Eq(4.5) is (2.94 fn)/(3.85 fm)
=0.76, while the RHS equals {®.42/(; < 9.62)]4=0.75. We have calculated the strengthsptransitions inXLi
This consistency again demonstrates the usefulness of Egnd {He on the basis of thg He+N+N three-body model
(4.5. which was used in our preceding work on the energy spectra
Therefore, we consider that, if the observation ofand halo structure of the isotripl&t=7 hypernuclei. Most of
B(E2; 5/2"—1/2") is realized in the near future, a reason- the transition calculations are essentially new on account of
able estimation of the size of the ground state of the hyperthe wide applicability of the present model. Major points to
nucleus Li will be possible by means of E¢4.5) using the  be emphasized are as follows.
experimental value of the RHS and that Bf,— (np(°Li) (1) The calculation makes firm that thB(E2; 5/2"
in the LHS denominator. The experimental value of—1/2") value of the ground-state band I\n.i is remarkably
Reore- (np)(°Li) may be estimated by the often-used relation reduced in comparison witB(E2; 3" —1") of the corre-
sponding transition in the core nuclefisi. This is due to the
_ _ _ 4.2 nuclear size contraction by the gluelike role of theparticle
6r2(°Li)=4r*(a)+2(r, x/2)*+ mﬁgm&(np)(GLi), [2], and the shrinkage is found to occur along the distance
(4.9 between therfp) pair and thex core with then—p internal
motion unchanged.
— — (2) We encourage a measurement of this'5/21/2"E2
where r(6L|)=2_..44 fm andr(q)=_1.5_0 fm are the ob- transition rate to confirm the size contraction experimentally.
ser\{ed rms radn. of the mass dLStI’Ib.utIOI’]SQh.ﬁ and 'thea This measurement is already underway at KE19. We
particle, respectively21]. Here,r,_p is the r.m.s. distance frther proposed a prescription for how to derive the size of
between the valence neutron and proton in the ground stalfe oround state of the hypernuclefiisi using the empirical
of SLi and is estimated as,_,=3.42 fm[3]. From these \qjye of B(E2; 5/2"—1/2") together with that of
we haveRcor(_L(np)(GLi) =3.95 fm which is close to the our B(E2; 3"—17) in ®Li and the size of the ground state of
theoretical value of 3.85 fm based on the wave functionsS|j; see Eq.(4.5). We have examined the consistency of Eq.
Now we come to an expression to estimate an empirical4 5) py evaluating the ratios on both sides using the three-
value for Rggre- (np) (1 Li) from the B(E2): body wave functions obtained fdiLi and | Li.
(3) In addition to theB(E2) of XLi (T=0), a number of
Reore(np(ALI)=2.4B(E2, 5/2"—1/2")/e?fm*]¥¥ fm.  E2 andM1 transitions in{Li (T=1) and {He have been
(4.9  estimated. Remarkably enhandg(E2) values are predicted
for the decay from the 5/AT=1) and 3/2 (T=1) states in
The factor of 2.4 is derived by using Eq(4.5), XLi; the proton-halo part in the states dominates in this en-
namely, Tcor&(np)(eu)/[gB(Ez; 3" —1M)]¥4=3.95[ ¢ hancement. Th&2 transitions from the neutron-halo states
% 9.3]4=2.4, which is consistent with our theoretical value, in jHe are found to be rather weak but still within a mea-
3.85[ 1% 9.62)4=2.33. We consider the relative error of Surable range. Therefore, observation of theetransitions

. 7 . 7 age
this expression to be within a few percent, whereas the ex ALi(T=1) andHe, as well as thé/ 1 transitions, would

pected reduction iﬁcore—(n  due to theA participation will give helpful information not only on the hypernuclear struc-
be some 25%. We nort’e again that our prediction idure but also on the excitation mechanism of the neutron and

Ecor&(np)(Z\Li)zz-94 fm. proton halos of the core nuclei. We. emphasize that the
TheB(E2; 5/2" —1/2") strength is expected to be mea- present examples demonstrate .the -|mpor.tance of hyp_er-
sured by the E419 experiment in progress at KEK{RE nucleqry dec_ay measurements, since in ordinary nuclgl itis
with Ge detectors having a few keV resolution. In order toOften impossible to _observg decays from the ha_llo excited
obtain theB(E2), they plan to measure the lifetime of the states(the 2" state in the present caskecause in general

TLi(5/2*) state using the Doppler-shift attenuation method & Prompt nucleon emission |c7)reva|Is. o

Itis to be noted that the state has anotE@rdecay branchto  Finally, we note thaf{ Li and {He hypernuclei are impor-
the 3/2° state. As seen in Tabléa) from the partial transi- tant systems to obtain information on the spin-spin compo-
tion probabilities of T(E2;5/2"—1/2")=1.5x 10''sec * nent of theAN interaction through the energy splitting of the
and T(E2;5/2" —3/27)=3.8x10° sec ', the effect of the spin-doublet states. In this respect, it is highly desirable to
E2 decay to the 3/2 state on the lifetime can be neglected perform a more extended study of the=7 hypernuclei on
within an error of a few percent. It was already mentioned inthe basis of amx+N+N+ A four-body model with more
the preceding section that thd1 decay to the 3/2 state  realistic AN interactions. This calculation is in progress, and
was estimate@20] to be an order of magnitude smaller than a preliminary result is reported in Ref] together with a
the E2 rate. Therefore, the lifetime of the 5/&tate directly  similar study of {H and 4 He based on a8+ A model.
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’Li(J;=3/27). On the other hand, the 3/2and 7/2 states,

both of which have dominant spin-3/2 components in their

wave functions, are only weakly excited through the minor

1/2* o spin-flip component of the#™ ,K™) reaction operator. The

(1=1) AL role of the spin-flip component increases gradually agthe

. | | scattering angle increases. However the relative formation

/2 F ‘ rate for the 3/2 state remains as small as 3%(

5/2* | =4°)-11% (10°) with respect to the 572formation rate,

and the 7/2 formation rate is only 1.2%6x=4°) to 7%

(10°).

3/2* If the K* detection is performed over some range of scat-
r ‘ tering angle in the experiment, then the integrated cross sec-

tions for those states should be relevant to the relative for-

o b mation rates. As an example for such a case, we list the cross

0 9 4 6 3 10 sections integrated oveti =0—15° (in units of ub):

1.05 GeV/c ‘(n+,K+)i = 10°

— 0](: 4°

1/2*

Production Cross Section (p b/sr) 1 21(1/2$ ), 0.133/2%), 1.235/2%)
. <), O , L :

FIG. 5. Differential cross sections calculated in the DWIA for
the “Li(#",K ")} Li reaction atp,=1.05 GeVt and the labora-
tory scattering anglegy=4° and 10°.

0.087/2%), 0.6Q1/2f_,).

These values seem consistent with the analysis of the KEK
experimen{ 23] as far as the relative formation rates for the
three pronounced peaks are concerned.
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APPENDIX: (@*,K*) FORMATION RATES
AND RELATIVE y-RAY YIELDS

In this appendix we show in Fig. 5 the calculated cross F(E2;5/2*—>1/2§S): F(M123/2+—>1/2§s)1
sections for producing low-lying hypernuclear states in the ' '
7Li(7r+,K+)/7\Li reaction atp,=1.05 GeVE and typical
K™ scattering angles. We confine ourselves to the five low-
lying states which are connected lpycascades as discussed
in the text. Here, for simplicity, shell-model wave functions In parentheses, we also list another prediction obtained under
generated with the modified Nijmegen model D are em-the assumption that the higher 3{X=1) and 5/2 (T=1)
ployed and the cross sections are calculated in the DWIAtates also have influence on the lower-state populations
framework described in Ref22]. The numbers of particular throughy cascades. In both cases the yield of B#(5/2"

v quanta to be observed in ar{,K*y) coincidence mea- —>1/29*_S) transition is about 3 times larger than that of the
surement are related to the population probabilities of the
states relevant to the decays. They are also restricted, for

example, by actual experimental setup such as acceptanceg . .
of energy and detection angle of the outgokg. According to the recent preliminary report of E419 by Tamura

. - [24], the theoretical prediction that the firgtray yield is about 3
As shown. "; Flg. >, the‘]:l/29+-8-(T:0) gnd 5/2(T times larger than the second ofie27 : 0.47 is in good agreement
=0) states in,Li are equally strongly excited and the yjth the experiment, as discussed [i25]. This means that the
1/27(T=1) state is also pronouncedly excited with5—  1/2"(T=1) level surelyy decays even if the state is above the
50)% strength of the former states. The selective excitation i§He+d threshold, since the theory indicates the contribution of
atributed to the fact that all three wave functions have &.30 out of 0.47 comes from the decay of theM1 cascade:
dominant spin-1/2 character, like the target wave function ofl/2" (T=1)—3/2"(T=0).

'(M1; 7/2"—5/2")=1.27:0.47:0.07 (1.45:0.52:0.23
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M1(3/2*—>1/2g_5) transition. It will be quite interesting to state: 7(5/27)=6.67 ps(or 9.73 ps and 9.57 p] if one
compare this theoretical yield ratio with the experimentalusesES®=2.034 MeV([5]), while 7(3/2")=0.28 ps(0.12
count rates of the correspondingquanta. ps[2]). On the other hand, just for reference, we express the

For further comparison with the experiment foLi, itis ~ nuclear core transition rate in the form of “lifetime” as
also remarked on the basis of Tables | and Il that the theor(3*; °Li)®=1.77"325 ps which is deduced from
retical lifetime of the 5/2 state is much longer than the 3/2 B(E2; 3*—1")=9.3+2.1e? fm*.
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