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Gamow-Teller transitions in the (’Li, ‘Be) reaction at 65A MeV
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We investigated the Gamow-TellgBT) transitions in the’Li, "Be) reaction at 68 MeV on light nuclei of
8Li, *°C, and?®Si. A one-step reaction process with a main contribution from the central force is dominant in
the ('Li, "Be) reaction at forward angles. The cross sections observéd=a0° for the GT transitions were
found to be proportional to the GT strengths deduced fromatiecay.[S0556-28189)00210-1

PACS numbgs): 25.70.Kk, 24.30.Cz, 27.26n

The (’Li, ‘Be) reaction at an intermediate energy is ex- AS=1 isovector excitations in the target. A further difficulty
pected to be a unique spin probe for studying the nucleais that theAJ=2 transfer in’Li—'Be, allows theAS=0
spin-isospin responsés). In this reaction, théBe ejectile is  transition as well.
populated in either the ground stat® ; ‘Bey) or the first In a previous study of the’(i, ‘Be) reaction at an inci-
excited statg3 ~,0.43 MeV;Be,). Under the assumption of dent energy off, =21A MeV, the reaction proceeded pre-
predominance of a one-step reaction process, the above tvamminantly via the one-step reaction procg€ss However,
reaction channels have different spin selectiviti#§=0, 1  in this incident energy, a considerable contribution from the
for 'Be, and AS=1 for 'Be;. The cross sections for the tensor force was observed at forward angles. In general, the
transitions to the’Be, and 'Be, reaction channels are de- tensor force enhances the large angular momentum transfers,
scribed using the spin-nonflipr(AS=0) and spin-flip AJ=2 and/or 3 in’Li—'Be. Distorted wave Born approxi-
o(AS=1) cross sections in a target as follows: mation (DWBA) calculation in the previous study7]

showed that the contribution from the tensor force decreased
7 _ _ _ with increasing incident energy. Therefore, E@b. and (2)
o('Be) =Bo(F.q)r(A5=0)+Bo(CT.q)o(AS=1), (1)  are expected to be applicable for intermediate incident ener-
gies.
The ('Li, ‘Be) reaction at an intermediate incident energy,
o('Be) =B, (GT,q)0(AS=1), (20 65A MeV, was investigated for studying the spin-nonflip and
spin-flip excitations. The Gamow-TelléGT) transitions in
whereq is the transferred linear momentum and Biealues  light nuclei have been studied in detail in order to test the
are reduced transition probabilities for the transition,réaction mechanisifB]. We measured cross sections of the
Li—"Be[2]. At q=0, theB values are obtained from tig ~ GT transitions and their angular distributions for the
decay of Be [Bo(F,0)=1.0, Bo(GT,0)=1.25, and ('Li.'Be) reactions orfLi, **C, and*’si for which Bgr
B,(GT,0)=1.11] [3]. The 'Be, and "Be, spectra are sepa- Values have been well established. The angular distributions
rated by measuringBe-ejectiles in coincidence with ti@e  Of the differential cross sections fofC were compared with

0.43-MeV yray[4,5]. We can separately derive the isovector the DWBA calculations. We calculated the cross sections
AS=0 andAS=1 cross sections using Eg&l) and (2) with three interactions; a full effective nuclear interaction, its

under the same kinematics condition. central part only and its tensor part only. In this paper, we
In the ('Li, "Be) reaction, the total angular momentum rggor_t th"’;t a onﬁ—step reallc]:tion process (\]INith a rc]ig_r_r(lipBar;t con-
L . 3y 7o 3 tribution from the central force proceeds in thé.i( ‘Be
transfer (.J) is either 0, 1, 2, or 3 in théLi(3")—'Bey(3 ) reaction at 68 MeV and at forward angles. The cross sec-
transition or 1, 2 in théLi(37)—'Bey(3) transition[6]. Ex-  tions observed af, =0° for the GT transitions were found
istence of large angular momentum transfers suchdds to be proportional to the GT strengths deduced from ghe
=2 and/or 3 may distort th® values in Egs(1) and(2)  decay. Thus, we established that th6=0 andAS=1 is-
from the values determined from ti@decay data ofBe,  ovector excitation modes in target could be derived from the
and make it difficult to accurately derive theS=0 and ’Be, and 'Be, spectra using Eqgl) and(2).
A 65A-MeV ’Li%" beam was provided from the Ring
cyclotron of the Research Center for Nuclear Physics, Osaka
*FAX: +886-56-7112 Electronic address: University. Targets used were self-supporting foils of
nakayama@ias.tokushima-u.ac.jp. a separatecPLi isotope (96.5%, "¥C (*°C;98.9%, and
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nais; (28sj: 92.29% with their thicknesses of 2.5, 1.0, and 1.4 1500 P

mg/cnt, respectively. A typical beam intensity was about 1 : ' g ]

nA. The 'Be ejectiles were analyzed using the “Grand E B P e Tt Be, 3

RAIDEN” spectrograph[9] set at§ =0.3°. For°C, the 1000 F e o TRg

Be ejectiles were also measureddat=1°. The typical en- : i

ergy resolution was about 500 keV which was mainly due to :

beam energy spreading. Thei®" beam passing through the

target was stopped at a Faraday cup inside the first dipole

magnet of the Grand RAIDEN. Background from the Fara-

day cup was negligible. The aperture of the entrance slit of : LB o

the Grand RAIDEN was set to b&25 mr horizontally(6) : A i

and+15 mr vertically(¢). The scattering angles for tHge 250F 12¢ & € 3>>3 2
. . . . . .. u o 2w =2 2= ]

ejectiles were determined by tracing back their positions and E s o, 0= 23 2]

incident angles at the focal plane of the Grand RAIDEN. The @ 200 qn 122807

angular resolution ird was about 2 mr, but irp was only 3 150 o 9 A I

about 10 mr. Angular distributions of the differential cross 8 E & : / J ]

section were obtained by gating with a width of 10 mr in the 100 o F v

6 direction. 50F 6 : ,p"."c‘:

The 'Be 0.43-MeV vy ray was measured using a GSO . 2&_ . D°“*’o

y-detector system NYMPH$E]. The ‘Be y ray was clearly oF e T ' T

observed as a prominent peak. The total absolute detection 300F 2 8gj i3 3 3

efficiency of the NYMPHS was measured to be about 0.2. E " 29 ]

Figure 1 shows théBe, and "Be, spectra in the 1L, 2501 B3 E

Be) reactions orfLi, '%C, and?Si. For all the spectra, a 200F W i, § .

hydrogen contamination in the target was observed. The hy- 1505_ 0% + 3

drogen contamination provides a calibration for separation : Y v 20 ]

between théBe, and 'Be, spectra, as well as for the incident 100¢ B\ J VN T A S?.’s\-.'i

angle 0° of the’Li beam. The transition strengths for the H 50k ed X, o @%@aﬁ k

("Li, "Bey) and H(Li, ‘Be,) reactions are taken by usimr ok s 5 pfumiRe S5

=1 andBgr=3 in the 8 decay of neutrorj10]. The ratio o 5 10 15 20 25

|V,,/V.|? of the isovector spin-flip and spin-nonflip effec- — Q-value (MeV)

tive nuclear interactions was fairly well investigated by using

the (p,n) reaction between 50 and 200 Md¥1]. From the FIG. 1. Energy spectra in thél(, ‘Be) reactions orfLi, *C,

empirical relationship 0f|Nm/VT|2:|E|_(A MeV)/55|2/3), and 2%sj at 6?\_M7ev and 0L7=_0‘;. Closed gnd open circles corre-
the cross section ratio af(Bey)/o(Be,) is estimated to be spond to the {Li, ‘Bey) and ('Li, ‘Be,;) reactions separated with the
1.77 for the H(Li 7Be) reaction at 68 MeV by using Egs. "Be-y coincident method, respectively. Shaded peaks are the GT
(1) and(2). Here ,We assumed the same distortion factor fortransitions presently interested. Symbols of H denote a contamina-
the cross sections in theS=0 andAS=1 transitions. The ton of hydrogen in target.

GT transitions were clearly observed for all the targets. In . o
6Lj and 12C, the GT transition was observed as the groundihat, for theAS=0 transitions, the calculated angular distri-
state transition. I?3Si, one prominent peak was observed atPutions are dominated by the centheN interaction and the
E,=2.2MeV and corresponds to the main GT-transitiont€NSor contribution is about two orders of magnitude smaller

strength. All the GT transitions showed a similar angular®’ €Ven less. For thaS=1 transitions, on the other hand,

distribution with a sharp increase towaréls=0°. the tensor contribution is large even at forward scattering
The distorted wave Born approximatidBWBA) calcu- ~ angles. o _ .
lations were performed for the’l(, ‘Be) reaction at Figure 2 shows the angular distribution of the differential

65A MeV. The effectiveNN interaction at 68 MeV was Cross sectionss('Bey) for the GT transition to the 1
deduced from those between 50 and AQdeV given by ground state int?B. Error bars indicated are only from sta-

Love and Franey12]. Details of the calculation were given tistics. Absolute errors in the cross section were evaluated to
in Ref.[13]. The total angular momentum transfersJ) of be about 20% due to uncertainties in the target thickness, the
accumulated beam-current and the procedure to separate the

. . L 3
0 and 1 were found to be dominant in tﬁﬂ_(i )_’7360(5 ) Be, and 'Be, spectra. Three DWBA calculations with the
transition.  The AJ=1 was dominant in the g, effective NN interaction, with its central part only and
Li(37)—"Bey(37) transition. The contribution from the with its tensor part only are shown by the solid, dashed, and
large angular momentum transfers was only small at forwardiotted curves in Fig. 2, respectively. Here the calculated
scattering angles, about 5% or less lod=2 and 3 in the cross sections were averaged over a solid angle of 10
("Li, 'Bey) reaction and a few % fah J=2 in the (Li, ‘Be,) X 30 (mr)? used in sorting data. The angular distribution ob-
reaction. Further in the’li, 'Be;) reaction, the cross section served at forward angles was found to be reproduced by the
with AS=0 was found to be negligible. It should be noted DWBA calculation. The calculated angular distribution at
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8 o (deg.) 0 (deg) FIG. 3. Comparison of cross section#(u?Np) observed for

GT transitions in the {Li, ‘Be) reaction at 68 MeV and 6, =0°
FIG. 2. Angular distributions of the ’(i, ‘Bey) reaction at \ith Gamow-TellerBgr values. Thex and Ny are the reduced
65A MeV for the GT transition to the L ground state of’B (left  mass and distortion factor, respectively. Ttyg was obtained in the
side. Solid, dashed and dotted curves correspond to the DWBAp ) reaction at 60 Me\[14]. A solid line is to guide the eye.
calculations with the full effectivéNN interaction, with its central
part and with its tensor part only, respectively. For the comparison,

the previous result at 2LMeV [13] is shown on the right-hand side cross sections anq thigsy values. . .
of the figure. Lastly, we discuss on the cross section ratio

a(’Bey)la("Bey). For the pureAS=1 transitions, the ratio is
7 7 —
0. m~0° is dominated by the centrhIN interaction. Around expres;ed 2 Bel?/.a( Bey)=B,(GT.0)/Bo(GT.q). Ther_e-
02:~3° on the otheryhand the tensor contributions iso"e: With the condition that the rati, (GT.q)/Bo(GT.q) is
SR il oo constant, we can separate th&=0 andAS=1 transitions
dominant. The observed angular distributi@n, ~3° shows Msing Eqs(1) and(2). However, the ratio may be dependent

that the tensor interaction is stronger than that deduced fro on the tensor contribution. Fiaure 4 shows the scatterin
the NN interaction and/or there are additional contributions"P°" sor ribution. FIgur SNOWS scatering

o7 7
from two-step reaction processes. The previous result ;ﬁngle dependence of the ratid'Be,)/o('Bey for the GT

o 2n 7 7
21A MeV [13] is also shown in Fig. 2 in comparison with the ansé!tlon ,[t%gthl\j \I/ g_lrrr?ur;‘d ts:]atg of B. |nF_the4(_ th’h Be)
present result. The tensor contribution atA2deV was reaction a ev. 'hehatched area in Fig. < 1S the mean

much larger than in the present case and the observed Gyralue of 0.8G:0.05. Though the central and tensor contribu-

cross section was not forward peaked, which meant that thtéOnS seemed to be dominant ,=0° and 3° respec-

tensor contribution at 24MeV was large even at. . “V'?'yz as shown in Fig. 3, it IS found that the cross sec_tlo_n
—0°. ratio is independent of scattering angle. Furthermore, within

The GT cross sections observedéat=0° were investi- errors, we obtained the same cross section ratio for the spin-

gated in comparison with thBgt values obtained by thg flip tra?‘jtfr;;’ t\? t?ié _andhé_rhsﬁtes attt_hbe fxc'tfat'ontﬁ n-
decay. For this purpose, the cross sectionsere obtained ergy of .4 Mev o in which the contribution from the

by gating with =10 mr in the ¢ direction. Theo/(u2Np) tensor force was expected to be dominant. The ratio

observed inLi, 1°C, and?®Si nuclei were compared with

the Bgr values obtained from thg decay[10]. Here, x and 2C(Li,’Be)"?B(1*, g.s)
Np are the reduced mass and distortion factor, respectively. 12— 7 1 1 T 1
The cross sections observed are largely affected by the dis- F

tortion in the wave functions of the projectile. Ty, is
expressed asNpxexp(—bA"®). The Np value in the
("Li, "Be) reaction was assumed to be equal to those ob-
tained in the(n,p) reaction at 60 Me\{14]. The results are
shown in Fig. 3. The indicated errors in the cross sections :
included systematic uncertainties in the target thickness and 04F ]
accumulated beam-current. In this figure, the observed cross *© 1
section of the transition to the first excited staté Y2n ®He 02 7
is also plotted. The transition has only a small GT strength _ ]
estimated to be 0.006 by the shell-model calculafib]. 00 ' ] o ' 3 ' 4 ' 5
Figure 3 shows that though the distortion effect is a little bit 6 (deg)

large as compared with th@,p) case, there is a proportion-
ality betweena/(u?Np) andBgy in the (Li, ‘Be) reaction FIG. 4. Angular dependence of the rati¢'Be;)/ac('Bey) in the

at 65\ MeV. Dominance of the central interaction &  (’Li, ‘Be) reaction at 68 MeV for the GT transition to the 1
=0° enables the observation of the proportionality betweemround state ot?B. A hatched area is the value accepted presently.

o YIMMANIRIRIRIP:

0.6 -

(Be,) /o ('Bey)
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B,(GT,q)/Bo(GT,q) was found to be independent of the found to predominantly proceed via one-step reaction pro-
tensor contribution. For the GT transitions Shi and 28Si, ~ cess and dominated by the central force at forward angles.
the ratio was observed to be 0:88.05 and 0.8 0.1, respec- The cross sections obseryed@@t= 0° for the GT transitions
tively. The meano(’Be;)/o("Be,) ratio for the targets mea- Were found to be proportional to the GT strengths deduced
sured was 0.8%0.05. On the other hand, the ratio is esti- ToM the 3 decay.

mated to be 0.89 from thg decay of 'Be [3]. This slight This experiment was performed at the Research Center
difference may be due to the nonzero linear momentumor Nuclear Phys|ciRCNF§ under Program No. E52. The
transfer. The separation between th&=0 and AS=1  authors are grateful to the RCNP cyclotron staff for their
cross sections can be performed using the empirical value fa&upport, to Professor M. B. Greenfield for a critical reading
o('Bey)lo(’Bey) in the GT transition. of our manuscript, and to Professor H. Ejiri for his encour-

In summary, we conclude the’l(, ‘Be) reaction at agement. This work was supported in part by a Grant-in-Aid
65A MeV was found to be a good spin-probe for the isovec-for Scientific Research, No. 06452032, of the Japan Ministry
tor excitations. The i, 'Be) reaction at 68 MeV was of Education, Science, Sports and Culture.
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