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The strength distributions of Gamow-Tell@@T) transitions from''Li and ?Be are investigated. We study
where the GT strengths of the transitioh4i (3/2,)—"'Be* (1/2°, 3/2", 5/2) are located incorporating
guenching effects due to tie-hole contributions. The connection between the GT sum rule and effects of the
halo structure of'Li are discussed. The narrowing of the gap betweerptBbell and thesd shell is found to
change the structure of the GT strength distribution. The accuracy of the present calculation is tested for the GT
decay from®Li. We further study the GT transition frorf/Be. The narrowing of the gap between thend
sd shells varies the transition strength tBe (1;5) as well as the GT distribution. The quenching of the
transition strength”Be—'B (1,9 suggests an enormous breaking of the neutron closed-shell structure of
1?Be. [S0556-28187)05308-9

PACS numbd(s): 21.60.Cs, 23.46:s, 27.20+n

I. INTRODUCTION indicate a stronger retardation of the transition than the pre-
vious measuremeii0,11]. Here, we reinvestigate the struc-
Due to the recent developments of radioactive nucleature of two-neutron halo intlLi by using the results of the
beams, much progress has been made on the studies of striéigo measurements. We will discuss the implications of these
tures and reactions of neutron-rich unstable nudel]. The  data for the probability of thesp?,, configuration in *Li.
ground state of'lLi (3/27) has a neutron halo due to the We, then, extend our study to GT transitions to higher states:
small two-neutron separation energss,=295~340 keV ~ -Li (3/27)—"'Be* (1/27, 3/, 5/27). The present calcu-
[3,4]. The first excited state of'Be (1/27, 0.32 Me\) as lation will be shown to give a branching ratio to the 1/2
well as the ground state (172 have small neutron separa- State of 'Be, as well aB (GT)'s to some states in reason-
tion energiesS,= 183 and 503 keV, respectively, and henceable agreement with experiments. We investigate effects of
have a neutron halo, too. This has been confirmed for thi€ narrowing of the gap betweqnand sd shells on the

; ; distribution of the GT strength.
ground staté5]. Level inversion of the lowest 172and 1/2 . . .
states in'Be has been discussédi2] and explained, for We also study the GT transition froffBe. We investi-

example, by the variational shell model. gate the effects of the narrowing of the gap betweenphe

s +
In our previous work 7], effects of the halo as well as shell andsd shell on the transition strength 6B (1gs) as

. well as the GT distribution.
th f the m n exchan rrents were studied for th . . . _
ose of the meson exchange currents were studied for the”, ", II, we discuss the GT transition frohii (3/2,)

. ion 11 -\, 11 —
gg??\ﬂw \-;el_ll?r:(GT) ﬁ trfmsmonf Li 5?;/298)_.) Be t(llf t’ to Be (1/2, 0.32 Me\) as well as the GT strength distri-
' €Vv). 'hese etiects were lound 1o be Important 1o 1€~ yinn The GTB decay from®Li is investigated in Sec. llI
duce transition matrix elements and to remedy deV|at|on§0 see the accuracy of the present calculation. In Sec. IV, we

from _the observed |dg value of the GT trensmon. This GT study the GT transition fromt?Be and investigate the struc-
transition has been shoWf] to play an indispensable role in ture of 2Be

identifying the structure of two-neutron halo dtLi. It is
indicated that the two neutrons forming the halo are in the
p3,, configuration only with 60—70 % probability, while they Il. GT TRANSITIONS IN 4
are in thesd shell with the remaining probability. The larger
probability of thesd-shell configuration can be induced by
the lowering of the effective single-particle energies of the
sdshell in MILi. The GT transition, therefore, can be usedto  In our previous work [7], the GT transition *Li
explore the decrease of the effective gap betweerptaed  (3/2,9—"'Be (1/27, 0.32 Me\) was shown to play an im-
sd shells in such unstable nuclei. portant role in identifying the structure of two-neutron halo
Recently, additional measurements of the GT transitiorin 'Li. Adjusting to the observed Idy value of 5.58
have been carried out at RIKE[8] and ISOLDE[9], which  *+0.03 due to Roeckkt al. [10] by lowering the single-
particle energies of thed shell, it was indicated that the
probability of thevp?,, configuration in*!Li is 60—70 %.
*Electronic mail: suzuki@chs.nihon-u.ac.jp Recently, measurements of the GT transition were carried
Electronic mail: otsuka@phys.s.u-tokyo.ac.jp out at RIKEN[8] and ISOLDE[9], which suggest a stronger

A. GT transition to 'Be (1/27, 0.32 Me\) and the structure
of two-neutron halo in i
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retardation of the transition than before: fogralues of
5.67+0.04 [8] and 5.73-0.03 [9] were obtained, respec-
tively.

Here, we reinvestigate the structure of two-neutron halo
in i by using the results of the two recent measurements
as well as the old onELQ]. Note that throughout this study
the Osy» inner core is assumed. We take into account both
the halo effects and the narrowing of the gap betweemd
sd shells. The halo reduces the overlap of radial wave func-
tions of proton state$wpq, and wpg,) with that of vpy,
state. Likewise, the overlap of the radial wave function of
w184, With that of v1s,,, state is reduced. Wave functions
obtained from Woods-Saxon potentials fitted to the observed
single-neutron separation enerdy;,f are used for thep,,
and v1s,,, single-particle halo wave functions. The value of
S, is taken to be 160 keV intlLi, which is half of the
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averaged two-neutron separation enebgy= 320 keV. Here
we use an average of the two experimental valugs,
=295 keV|[3] andS,,= 340 keV[4]. The resultant overlaps
are (mp|vpy=0.85 and(mls,,| vls,,)=0.625, respec-
tively. Note that the larger overlap fqu, is due to the

centrifugal barrier. Here, harmonic oscillator wave functions

are used for the proton as well as for thg,,, state because
they are well bound. In our previous wofK], the neutron
halo wave function was taken into account only iqr,.
We change the probability of thrspf,2 configuration by
lowering the single-particle energy oy, orbit and study
the variation of the calculated Ifigvalues. Transition matrix
elements are obtained in tipesd shell-model configuration

space, where excitations of up to two valence patrticles to the

sd shell are allowed. A set of interactions, PSDMKE22],
whosep-shell part corresponds to TB@B-16) [13], is used.
The interaction in thesd shell is the one obtained by Kuo
[14], while the Millener-Kurath interactiofl5] is used to
excite particles from thg shell into thesd shell and to
deexcite the other way. The contribution from the;-isobar
exchange current is also taken into accduijt As the over-
lap (7rp|vpy,)=0.85 is not far from unity, effects of the

halo on the two-body shell model matrix elements are exP(p’).

pected to be rather small compared to the cas@-décay
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FIG. 1. Logt values of the GT transitiort'Li—!'Be (1/2",
0.32 MeV) vs the probability of the pure-shell configuration,
Dashed lines show the observed fiogvalues:
logft=5.73+0.03[9], 5.67+0.04[8], and 5.58 0.03[10]. Num-

matrix elements, because of finite-range nature of the twobers denoted in the figure are the valuesief;s . (a) v1sy, as

body interactions.

well asvp,, are halo orbits(b) Only vp,, is a halo orbit.

The calculated results are shown in Fig. 1 together with

the three experimental légvalues. Here, we change only
the single-particle energy of thesj, orbit. The changes of
the single-particle energy of thesj, orbit, A'Elsllz’ are de-

noted in the figures. Thesl,, neutron also forms a halo in
addition to thewvpy, orbit in Fig. 1(a), while a harmonic
oscillator wave function is taken for thesg, orbit in Fig.
1(b). Combining Figs. (& and Xb) we can see that the
probabilities of purg-shell configurationP(p’), needed to
obtain a given value of Idg are rather close to each other
with differences of<5%. In other words, it is rather irrel-
evant for the lodt's whether thev1s,,, is a halo orbit or not.
Moreover, when all the single-particle energies of g
shell, 1s;;,, 0ds,, and j,, are lowered by the same
amount as in our previous wofK] instead of lowering only
the single-particle energy of thesj, orbit, the lodt-P (p’)
curve remains almost unchanged. Note that, sincebiell
configuration in'Li is exhausted by th@3,p?,, configura-

tion with more than 99.9% in the present calculations,
P (p’) is actually the probability of theypi,2 configuration
for the last two neutrons if'Li. We want to point out that
the present transition ratee., logft) is determined predomi-
nantly byP (p”) and is not affected by details of the excited
configurations: It is irrelevant whether two valence particles
or four valence particles are excited into the shell.

The calculations fitted to the''Li (3/2,)—''Be
(1/27,0.32 MeV) lodt value measured by the three experi-
ments are denoted hereafter as) (for the recent ISOLDE
data[9], (B) for the recent RIKEN datg8], and (C) for the
old CERN datg10]. TheP (p’) turns out to be 46, 55, and
70 % in (A), (B), and (C), respectively. The single-particle
energy of the %,,, orbit is lowered by 3.245, 3.185, and
3.035 MeV, in @A), (B) and (C), respectively. Here, both
vp4, andvls,,, orbits have the halo structure. For compari-
son, if onlyvp,, has the halo structure, tiie (p’) decreases
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0.10 T T T T and the total GT matrix element is reduced by 44%. This
_ eosl | gives rise tos logft~ log1/(0.56§~0.5.
- The dotted histograms in Fig. 2 show the contributions of
(O 1 the Asgzisobar exchange current. This effect is evaluated
m o7l i only for the p-shell part of the transition. As the (p’)
° decreases, the contributions become somewhat smaller. The
0.06 - 7 black histograms exhibit contributions of the admixture of
0.05 L i the sd-shell components. The effects of the halo of the
v1s,,, orbit and of theAsgisobar exchange current in the
0.04 - 1 sd shell are included. They increaseRgp’) decreases, as
0.03 - N we expect. The sum of the three contributions results in
oozl | 6 logft=0.9~1.0, a tremendous retardation.
0.01 | . B. The GT sum rule and sum of 8~ transitions
0.00 ! We extend our study to the strength distribution of the GT
30 40 80 transitions *Li (3/2;)—''Be* (1/27,3/27,5/27), which
P(") (%) must exist according to the sum rlg6]: Sg- —Sg+=3(N

FIG. 2. The reductions dB(GT) due to the halo op,, orbit, -9=15 .W*;ere SB*.:Efo'Ut"'HZ and S+
the Asgisobar exchange current and the admixture ofstieshell = >f|(f|ot:[i)|%. The relationsSs- =15 andSs+ =0 can be
components are denoted, respectively, by the dashed, dotted, aR@Sily shown for the closed neutrpnshell. If we assume a
black histograms. The histograms correspond to fits to the thre8imple configuration with one proton in tipg,, shell and six
experimental datf9], [8], and[10] from left to right, respectively. nelkJ)trons in theps;, andpy, closed shellsSs- is calculated

to be
to 42, 50, and 66 %, respectively, for the three cases. If we
adopt the two recent measurements, the probability of twoSs—=|(prlalpu|®+ § [{psdlalp1®+ (P ollpa)|?
neutron halo in!!Li is around 50%, namely, 45-55 %.
Branching ratios appear to be 6.44 and 6.61 % in calcula- + 3 Kpadolpap|’=5+3 2+ 2+ 7 F =15,
tions (A) and (B), respectively. They are rather close to the 1)
observed branching ratios: 6:®.6 % and 7.6:0.8%]8].

Figure 2 exhibits separately the variationsB(iGT), de-  andSz+=0 since the proton in thps, shell cannot change
noted asoB(GT), due to the halo of thep,, orbit, the  to a neutron. The factor 3/4 in E@l) represents the Pauli
Agzisobar exchange current, and the admixture of theblocking. When the proton is in the,, shell, we obtain the
sd-shell component. ThésB(GT)| corresponding to the same resultS,- =15 again andsg+=0.
three different values oP (p’) are given. The dashed his-  When the twop,, neutrons are excited into thes,
tograms show the effects of the halo of thg,,, orbit. They  shell, Sg-=49/3>15 andS,+=4/3, if we assume that one
decrease aP (p’) decreases. At first glance, the square ofproton is in theps, shell. In this case,
the overlap (7p|vp,»=0.85 seems to indicates logft
~0.14 if the transition is dominated by the pure 3 5 5
vPyj— TPa transition. However, the GT transition matrix Sp-=7 [(Paal ol[Pa2)[*+ (ol oll a2
element in thep shell consists of four components, 320 16 49
VP12— TP1j2, VP12 TP3j2, VP32~ P12, and vpsp— 2_ —

3, as shown in Table I. One finds significant cancella- Tlisdollsf=7 3+ z+6=3. @
tion among them due to the intermediate-coupling nature
[13]. The halo effect due to thep,, orbit results in a reduc- and
tion of the matrix element of thep,,,— 7p3, transition by

15%. As the other three components cancel a large part of
this contribution, the net reduction by the halo is magnified

1 ) 116 4
Sﬂ+:Z [{P1dlalpsr)] 13" 3 ©)

TABLE |. Matrix elements of the GT transitiot'Li—'Be  The result of Eq(2) remains unchanged if the twm,;, neu-
(1/27,0.32 MeV) corresponding to the casB)((Ref. [8]). Com-  trons are excited into thed shell without restriction to the
parison i§ made between the resuI‘ts with the harmonic oscillatoIlel2 orbit. The sum ru|e5ﬁ,—sﬁ+:15, is satisfied. We
(h.o) basis and the halo wave functigw.f.) for vpy,. discussed in the previous section that the two-neutron halo
: state of !!Li is a mixture of vp?,, and v1s?,, configurations.
Neutron-  Proton ho.sp.basis halosp. Wt ®z  The GT transition''Li (3/2,9—!'Be (1/27,0.32 MeV) indi-

P12 [ 0.0022 0.0019 cates that two neutrons forming the halo consist of phig
Paso P12 0.2890 0.2890 configuration with probability 45-55 %. When the two con-
P12 P32 ~1.3935 —1.1845 figurations are mixed withe being the probability of the
[ P32 0.6225 0.6225 vpi,2 configuration, one ends up WwitBs-=15a+49/3(1
Sum —0.4798 —0.2711 —a)=49/3-4/3a and Sgz+=4/3(1—«a). The sum rule,

Sg-—Sp+=15, remains valid.
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FIG. 3. Calculated GT strengtt®;- for ''Li (3/2,)—"Be* (1/2,3/27,5/27) as functions of excitation energf() of ‘'Be. The sum
of the strength withinE,=N—0.5-N+0.5 MeV (N=integer) is plotted. Black and dashed histograms are obtained (without) the
A 33 contributions, including the halo effects. White histograms include neither the halo effects nbgstbentributions. Wave functions
obtained by using the three Cohen-Kurath interactiGienoted as CKPOT, CKI, and CKlin the p shell and the Millener-Kurath
interaction(denoted as PSDMKZ2n the p-sd shell are used.

The halo reduces the overlap of radial wave functions of=70—45 %. Including excitations to ald-shell orbits, the
proton statesmpy,, andmps,) with that of thevp,, state, as  values forShalIO in the three calculationsA), (B), and (C)
well as the overlap of the radial wave function®fs,,, with are given as
that of v1s,,. When the reductions of the overlaps due to
the halo are taken into account, one obtains for the case of Sh"jllo 13.70%¢+14.4691— a),
the excitation of thep,, neutrons into the 4, shell

Sy°=13.705+14.0341 - a),
SH°=13.705+12.67{1-a),
Sp°=13.705:+13.8841- a), (5)
SFI°=0.9631-a), (4)
and, by using the respective valuesa)f‘shelIO turns out to be

resulting in Sj°— S31°=11.714+1.991x. For a=50%, 13.93,13.85, and 13.80, respectively.

SH°=13.191, s“i"’—o 482, andS,™°-S7°=12.710. The
sum rule, Sg-— SB+—15 is not sat|sf|ed any more. The
missing strengths are outside the pregerstd model space. We now turn to GT transitions to higher states as in
Although p,/, neutrons are excited not only intosd,  'Li(3/27)—Be* (1/27,3/27,5/27). As tlLiis a neutron-
shell but also intads,, anddy, orbits, about 1/2—2/3 of the rich nucleus, the potential for protons is deeper than that for
excited neutrons are in the sy, orbit for P (p’) neutrons and, therefore, most of tA€ decays can occur for

C. GT distribution in Lj
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FIG. 4. (a) Calculated GT strength§,- for *'Li (3/2,)—"Be* (1/27,3/27,5/27) as functions of excitation energ§() of 'Be. The
sum of the strength withife,=N—0.5-N+0.5 MeV (N=integer) is plotted. Blackwhite) histograms are obtained witlwithout) the
A5 contributions. Here, the single-particle energies of tlsg,1shell are lowered to increase the probability of the admixture of the
p°(sd)? configurationsP(p’)=46%. (b) Effects of the halo ors-. The black histograms obtained with the halo effects are the same as
in (@). The white ones are obtained without the halo effects) The same as ina) for separate contributions frompd-0p, and
1s—1s and 0d—0d transitions.

this nucleus. Thus a large part of the GT strength can bstate is a bound stat@almost a bound stateThe tail of the
observed by means @8~ decay. This is characteristic for 1s;,, wave function damps quickly due to the Coulomb bar-
neutron-rich nuclei such asLi and is in contrast to the case rier. Thus, the proton single-particle wave function can be
of stable nuclei. approximated by the harmonic oscillator one. Although for
In the following, we discuss our results for the GT high-lying states inl'Be the particles are in continuum
strengthS,- for MLi (3/2,9—'"Be (1/27,3/27,5/27). Ef-  states, we assume here that a good fraction of the excitation
fects of the halo in the)p,,, and v1s,, orbits are taken into energy is used to excite th¥Be core. This and the above
account. The single-particle energy of this,, orbitis low-  doorway process leads to low branching ratios for neutron
ered to reproduce the Ifigvalue of the transition to''Be  emission from high-lying''Be states to low-lying°Be
(1/27,0.32 MeV). The three cased\), (B), and (C) intro-  states, despite the favorable phase space. These low branch-
duced in Sec. Il A are treated. The same interaction as iing ratios seem to be consistent with experimléit
Sec. Il A'is used and excitations of up to two valence par- We first show(i) Sg- calculated within thep shell by the
ticles to thesd shell are included. Cohen-Kurath interactionls 3], and(ii) Sg- obtained in the
After a neutron is changed to a proton by tBedlecay p-sd model space with the use of the Millener-Kurath inter-
process, the rest of the neutrons are assumed to remain attion[15] without change of the single-particle energies of
their orbits, constituting a doorway state. Due to the largehe sd shell. The calculated results obtained by the Cohen-
neutron excess ilt'Be, the potential for protons is deeper Kurath interactions, POT8-16), TBE (6-16), and TBE (8-
than that for usual stable nuclei, and even tla,0(1s;,5) 16), which are denoted as CKPOT, CKIl, and CKII respec-
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FIG. 5. The same as in Fig. 4 for the caseR{p’)=55%.

tively, are shown in Figs.(@)—3(c). Note that this belongs to of the 1s;,, orbit is lowered by 3.245, 3.185, and 3.035 MeV
type (i) mentioned above. Here, the partial sum of thein (A), (B), and (C), respectively.

strength forE,=N—0.5-N+ 0.5 MeV (N=integer) is plot- The calculated Sg- have peaks around E,

ted. The calculate®;- have peaks aroundl,=16, 18, and =16-17 MeV. We find that, ag=P (p’) decreasesi.e.,

16 MeV in Figs. 3a)-3(c), respectively. Most of the GT as moving from Fig. 6 to Fig. 5 then to Fig),4he main peak
strength is concentrated within the range of 3 MeV. Both thebecomes wider and more strength emerges in the higher-
halo and the Ass-isobar exchange current reduce theenergy region above the peak. The small peaks with a
strength. The calculated results for thesd model space strength of 0.28 aE,~22 MeV (shown in the right upper
[i.e., type(ii)], obtained by the Millener-Kurath interaction part of the graphscorrespond to the transition to the IAS.
(denoted as PSDMK2 are shown in Fig. @). The p-shell The small peaks with a strength of 0.14-0.15 B
part of the interaction is the same as TBEL6) in Fig. 3(b). ~27 MeV are contributions due t&=5/2 states. TheS-

The overall distribution of the strength in Fig(d3 is  summed up to the IAS energ¥(ys) turn out to be 10.22
similar to the case in Fig.(8) except that the peak position is (11.05, 10.58(11.41), and 11.1311.97 for the calculations
lowered by about 1 MeV and that the strength distribution is(A), (B), and (C), respectively, for the case witlwithout)
more spread. The small peaks $f- in Figs. 3a)-3(d) at  the A3 contributions. A quenching of the strength by 7-8 %
E,~22 MeV are due to the GT transitions to the isobaricdue to the coupling to tha-hole configurations is seen. The
analog statélAS), and those aE,=26—-28 MeV are due to total Sg- expected in the presemi-sd shell calculation is
the GT transitions ta =5/2 states. 13.44, 13.63, and 13.81, respectively, for the three cases

Figures 4, 5, and 6 show,- calculated for the cases without the A3 contributions. About 2/3 of the sum rule
(A), (B), and (C), respectively, as functions of the excita- value can be observed [/~ decay. The missing part of the
tion energy E,) of 'Be. Note thata=46, 55, and 70 % in  strength is expected to lie abo#g=E ,g as is displayed in
(A), (B), and (C), respectively. The single-particle energy Figs. 4a), 5(a), and Ga).
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FIG. 6. The same as in Fig. 4 for the caseR{p’)=70%.

As there are many states fiBe up toE,=Ejxs, the GT  0d—0d transitions at energies around the peak Eat
strength for the decay of'Li has a resonancelike pattern, ~16 MeV. We also find some strength frons-%1s and
and the peak can be called a GT giant resonance. This is al$Ry_, 04 contributions atE.~ 20 MeV. which gives rise to
. . . . . . . X il
a characteristic and unique point fotLi, since this pattern the strength in the higher-energy region beyond the peak
cannot be seen in other neighboring stable nuclei. There, t osition
GT strength is fragmented among only a few levels and ther We compare these calculated strengths to the case in

's no resonancelike peak. which all thesd-shell single-particle energies are lowered by
We show in Figs. %), 5(b), and &b) how the h oo .
e show in Figs. (), 5(b), and Gb) how the halo affects an equal amount. Figure(® shows the calculate8g- for

Sg-. The A3 contributions are included. Thg;- summed L N fod
up toE, =E s are 12.01, 12.22, and 12.48, respectively, forN€ €ase€ oBes=Aeq=—2.2 MeV. Hlere,P(p_)—GZ/o, and
the three cases without the halo effects. The halo reducdfe lodt value for the transition td'Be (1/2°, 0.32 MeV)

Sg- by 1.79, 1.64, and 1.35, respectively. On the other hand£0responds to the measurement by Roetidl. [10] [i.e.,
the A5, reducesS,- by 0.83-0.84. The reduction by the Ca@se(C)]. Comparing Figs. @) to 6(d), we find that the
halo is caused mainly by the reduction of the overlap of thedifference in the GT distributions is rather small.
vy, halo wave function with therpg, 1/, wave functions. Next, we compare the strengths shown in Figs. 4—6, to the
We decomposeS,- into contributions due to 9—0p case without lowering of the single-particle energies of the
transitions and those due te% 1s and &d— 0d transitions. ~ sd shell. In this case, the probability of thep?,, configura-
The calculatedS;- are shown in Figs. @), 5(c), and Gc). tion of *Li is «=89% [7]. The calculated results have al-
Note that the additive sum of the two contributions is notready been shown in Fig(®. Although the position of the
equal to the totaBg-, since there are interferences betweenpeak of the strength is shifted only slightly, the distribution
them. We can see from the figures that, although the maiof the strength differs to a larger extent from those in Figs.
contributions are attributed to thg0-0p transitions, there 4(a), 5(a), and &a). The calculated summed strength below
are also non-negligible contributions froms+1s and E,=Ejxs=21.5MeV amounts to 11.90.2.69 for the case
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FIG. 7. (a) Calculated GT strengtis,- for °Li (3/2,9—°Be

excitation energy E,) of

up to E,=11.81 MeV.

with (without) the A 35 contributions, while the total strength
in the presenip-sd space is 13.84 fow=0.89. Here, the
structure of the strength distribution is much simpler than fo
the case withAe; #0. Aimost all the strength below,

=21.5 MeV comes from the contributions op8-0p tran-
sitions. The strength due topo-0p transitions is quite re-
duced aboveE,=Ess. The strength due tosl-1s and

Comparing the cases with and without the modification of

°Be for GT transitions in °Li
(3/2;S)—>98e (1/2",3/27,5/27). White (dashedl histograms corre-

15 20

Ex(MeV)

to several low-lying states. Preliminary experimental values

4.0

39k o35

Iogmft
e
5

3.8 -

3.7 -

3.5

3.4

! L 1 1

3.3 1 1 1
20 30 40 50

60 70 80 90 100
P(p3) (%)

FIG. 8. Log't values of the GT transitiort’Be—'?B (1) vs
the probability of the purg@-shell configurationsP(p®). Numbers
denoted in the figure are values @%151/2. The dashed line shows

the observed loff value[11].

The structure of the strength is clearly different between
the two casesAelsmzo andAelsmaﬁ 0. It would be quite

interesting if we could distinguish the two cases by experi-
ment. The measurement of the magnitude of the strength
would also be quite interesting to clarify the effects of
guenching and spreading of the GT strength. There is a pre-
liminary report[17,9 that substantial GT strength has been

found aroundg,=18.5 MeV.

We now comment on the dependenceSgf on the two-
body interactions. When the interaction of Warburton and
Brown (WBT) [18] is used, the position of the peak appears
aroundg, =13 MeV. This value is lower by 3 MeV than that
obtained by the Millener-Kurath interaction, and is too low
(1/27,3/27,5/27). Black (white) histograms are obtained with compared to the experimental of7,9]. The WBT interac-
(without) the A 35 contributions. (b) Sum of GT strength up to the tion leads to more strength at the lower-energy side com-
pared with the Millener-Kurath interaction. The WBT inter-
action gives 16 states with°=1/2", 3/2° or 5/2° below
spond to calculatioexperimen{19]). Experimental data are taken E =8 MeV, while the Millener-Kurath interaction gives 11
states. The latter is close to observed number of levels below
E,=8.05 MeV, that is, 8—9 statd8]. The Millener-Kurath
interaction adopted here reproduces rather well the peak po-
sition of the strength as well as the fvgalues of transitions

are reported8] as logt=4.87+0.08 atE,=2.69 MeV and
logft=4.43+0.08 at E,=8.05+0.05 MeV. The calculated
logft values obtained by the Millener-Kurath interaction are

X" ; 4.73 and 4.56, respectively, for cad®)( They are remark-
0d—0d transitions is completely separated from thegply close to the observed ones.

Op—0p ones, and resides much beydBg=E,s.

the shell gap, we notice the following: When the single-

particle energies of thed shell are lowered, not only the
Op—0p, but also the $—1s and 0d— 0d transitions show

1s—1s and d—0d transitions is not found belovE,

=Ejps-

ll. GT TRANSITIONS IN  °Li

Here, we study GT transitions in neighboring stable nu-
clei: °Li (3/27)—°Be(1/2°,3/27,5/27). A recent experi-
up in the lower-energy region, resulting in a sizable strengthmental investigatiorj19] indicates a strong feeding to the
above the main peak below the IAS. If the single-particle11.81 MeV state in°Be with logfit value of 2.84. The de-
energies of thesd shell are not changed, the strength due toduced GT strength is 561.2. Total sum ofS;- observed
up to this energy E,=11.81 MeV) is 6.56, which is about
2/3 of the sum ruleS;- — Sg+=9.
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, , ; r , , where most of the observed strength is found, though there
L (a) | <ot_>|? rgmain some discrepancigs at low excitation energies with
i - T tiny GT strength. The discrepancy between the calcula-
m— With Azz | tion and experiment &,=9-11 MeV reflects the fact that
most of the observed strength is concentrated in one state at
5+ E,=11.81 MeV as stated above. It will be of interest to con-
firm experimentally the GT strength distributions in this en-
ergy region. The comparison between experimental and cal-
3L | T=2 1 culated GT distributions for thg decay of°Li indicates an
T=1 overall agreement. It is seen also that the peak position can
er S 0 be predicted by the Cohen-Kurath interaction within a few
(~2 MeV) MeV. This observation suggests that the actual
) peak of the GT strength distribution frorh'Li is located
= - 4 most likely within a few MeV 2 MeV) around the present
prediction ofE,~16 MeV.

B (GT)

R 1 1 1 1 1 1
0 S 10 15 20 25 30 35

Ex (MeV) IV. GT TRANSITIONS IN '2BE AND THE STRUCTURE
OF ’BE

B (GT)

T T T T T I
(b) | <ot >|2 Here, we investigate GT transitions iBe, a neighbor-
T - T ing isotone of!lLi. We study effects due to the narrowing of
= withAz; | the gap betweep andsd shells in 1?Be as in the case of
Hi. The experimental loff value of the GT transition
st ’Be—""Be (1,9 is 3.834-0.017[11], which is large com-
pared to the standard shell-model predictions within phe
shell. The Cohen-Kurath interactions TBB-16), TBE (6-
3| T=2 44 16), and POT(8-16) give, however, much smaller Iégval-
T=1 ues of 3.48, 3.39, and 3.53, respectively, including the
‘ -—" 0 Asxisobar exchange current corrections.
L Now, in order to explain this differences(logft~0.4),
‘ Iiil_n IIIHjIL we increase the probability of thgf(sd)? configurations by
0 —_-= . lowering the single-particle energy of thes;L, orbit in the
. . . . ' | p-sd shell-model calculations. We use the same interaction
0 5 10 15 0 25 30 35 as in Secs. Il and lll, allowing excitation of two valence
Ex (MeV) particles into thesd shell. The calculated results are shown
in Fig. 8 as a function of the probability of the pupeshell
FIG. 9. Calculated GT streng®,- for Be—'?B (17). Black  configurationsP (p?). The values ofA €15, are denoted in
(yvhite) histograms are obtained witfwithout) the A5 contribu- the figure. We need about 65% breaking of the neutron
tions. Aeys,, is equal to(@) 0.0 MeV and(b) —3.41 MeV, respec-  _shel| closure in order to reproduce the experimentaftiog
tively. The left most parts of the histograms<&,<0.5MeV)  ya|ye. This result suggests a tremendous breaking of the core
actually correspond to the transition to the ground stdg ( of 12Be, |t js practically irrelevant whether two valence par-
=0.0 MeV). ticles or four valence particles are excited into Hueshell.
. A similar result was noticed from simpler estimates in
Figure qa) shows the calculated GT strengt-, for  pots rog] and[21]. In Ref.[20], the ground state of?Be is
each energy bin, an_d Flg..(tﬁ_ exhibits tg'e sum .Of the treated as a simplé®Be(0") +2v state with the two neu-
Stre?gth up to a certain excitation energy“@fe. Similar to inp3,,, dZ,, or 1s2,, configurations with single-particle
thed Li .‘;ﬁsi’] thelz\ﬁ_-”sd Shﬁ”'m&de.l tconﬂ%uratloTr;] space I'S energies for the sphericdBe core adjusted so thdiBe
used wi e Millener-Kurath interaction. e single- . :
particle energies of thed shell are not changed. As shown ;Sﬁf;;?omn f&gﬁ:gg?ﬁ?&é%ﬁ Jvezfsufrffnnjzggoirnogjgéif tno-
Ilg Elg'?)?éal)v’les\ﬁ[i Shzsg%([;ej; 3\;?# rﬁvﬁtﬁg&)’wtﬁXAsﬁicgr?t:f estimate the retardation of the GT transition frdfBe and
X ; ) ' 33 = compare with the observation of the lifetime. They suggested
butions. This value of 6.85 foS;- agrees well with the a large (-60%) breaking of the-shell closure in2Be
e_xpe_rimental one, which is 65@9]' Most of the strength s Ngxt we show the ca?culate?j) GT distributionsléBe.for
glr?grlg)l/ﬂfggigigxihg,5p—eﬂ(,SrT\/gng/Sﬁv\_/it_r]Ez\./Sifthljég)thlg i:: the case with and withou't the lowering of the single-par'ticle
contributions. According to a recent observatid®], this energy_ of the & Orr?'t' The f_:alculateﬁl results hW.'th
amount of strength, 5:61.2, is concentrated in one state atAElSyz_o'o MeV are shown in Fig. (@). The strength is

E,=11.81 MeV. distributed among 3-4 bunches. The strength Egt
The calculated and observed suSjs- are given in Fig. ~25 MeV is due to the contribution from the transition to

7(b). A rather good agreement between experiment and cafhe IAS. Results withih ;5 = —3.41 MeV are shown in Fig.
culation is obtained around the energy regiep~12 MeV  9(b). This corresponds to the case where theflaglue of
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the transition tol?B (1;5) reproduces the observed value: The GT distribution in*'Li has been investigated. Effects
logft=3.8 [11]. The calculated strength &,~0 and 10 Of the halo structure and the narrowing of {hesd shell gap
MeV is quenched by about 50%. The strength is distributedre seen in th8(GT) peak position and distribution pattern.
among several bunches and is more concentrated in tHas the single-particle energy of thes{, orbit is lowered, the
higher-energy region. Small peaks Bf~25 and 29 MeVv  GT distribution becomes more fragmented: the height of the
are contributions to th&=2 states. We see a clear differ- GT peak becomes lower, its width gets larger, and more
ence between the two Casm:’lsl,fo and Aflsm: 0. It  strength is found in the higher-energy region. About 2/3 of

would be extremely interesting to measure the GT strengt

distribution in 1%Be.

V. SUMMARY

In summary, theg decay of “'Li has been studied in

the sum rule value of the strength is found beldsy

=E as, Which can be observed bhg~ decay. GT transi-
tions in 1?Be has also been studied. A tremendous breaking
of the p-shell core of'?Be is suggested.
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