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The SHe B decay and’Be electron capture processes are studied using variational Monte Carlo wave
functions, derived from a realistic Hamiltonian consisting of the Argongpgtwo-nucleon and Urbana-I1X
three-nucleon interactions. The model for the nuclear weak axial current includes one- and two-body operators
with the strength of the leading two-body term—associated wiilsobar excitation of the nucleon—adjusted
to reproduce the Gamow-Teller matrix element in tritightecay. The measured half-life 6He is underpre-
dicted by theory by=8%, while that of ‘Be for decay into the ground and first excited states’ldfis
overpredicted by=9%. However, the experimentally known branching ratio for these latter processes is in
good agreement with the calculated value. Two-body axial current contributions lead=th 786 (4.4%
increase in the value of the Gamow-Teller matrix elemerftté ("Be), obtained with one-body currents only,
and slightly worsen(appreciably improvethe agreement between the calculated and measured half-life.
Corrections due to retardation effects associated with the finite lepton momentum transfers involved in the
decays, as well as contributions of suppressed transitions induced by the weak vector charge and axial current
operators, have also been calculated and found to be negligible.
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I. INTRODUCTION In this work, we use variational Monte Carlg/MC)
wave functiong4-7], derived from a realistic Hamiltonian
The present study deals with weak transitions in e consisting of the Argonnevg two-nucleon [8] and
=6 and 7 systems within the context of a fully microscopic Urbana-IX three-nucleofi9] interactions. The VMC wave
approach to nuclear structure and dynamics, in which nuclefunctions provide a reasonable description of the energy
ons interact among themselves via realistic two- and threespectra of low-lying states iA=6-8 nuclei[5,10], and of
body potentials, and with external electroweak probes vialastic and inelastic electromagnetic form factors and radia-
realistic currents consisting of one- and many-body compotive widths of 6Li states[11].
nents. To the best of our knowledge, calculations of the su- The model for the nuclear weak vector and axial-vector
perallowed®He B decay and’Be electron €-)capture pro-  currents is that developed in Ref42,13, consisting of one-
cesses have relied in the past on relatively simple shelland two-body terms. The weak vector charge and current
model or two- and three-cluster wave functions. The shelbperators are constructed from their isovector electromag-
model calculations have typically failed to reproduce thenetic counter-parts[14,15, in accordance with the
measured Gamow-Teller matrix elements governing theseonserved-vector-currenfCVC) hypothesis. The leading
weak transitions, unless use was made of an effective onéwo-body term in the axial current is due Asisobar excita-
body Gamow-Teller operator, in which the nucleon’s axialtion, while the leading two-body axial charge operator is
coupling constang, is quenched with respect to its free associated with the long-range pion-exchange tetéi, re-
value—for a recent summary of a shell-model analysis ofjuired by low-energy theorems and the partially conserved
B-decay rates ilA<18 nuclei, see Ref.1]. axial-current relation. The largest model dependence is in the
More phenomenologically successful models have beeweak axial current. To minimize it, the— A transition axial
based oreNN (for A=6) or a-t anda-7 (for A=7) clus-  coupling constant has been adjusted to reproduce the experi-
terization, and have used either Faddeev techniques with mental value of the Gamow-Teller matrix element in tritium
separable representation of tN& and @N potentials[2] or B decay in an essentially exact calculation, using correlated-
the resonating-group meth¢8]. However, while these stud- hyperspherical-harmonics wave functions, derived from the
ies do provide useful insights into the structure of e 6 same Hamiltonian adopted herE7].

and 7 nuclei, their connection with the underlying twand This manuscript falls into seven sections. In Sec. Il ex-
threej nucleon dynamics is rather tenuous. For example, it iplicit expressions for theg8 decay ande-capture rates are
unclear whether the required quenchingggfin the shell-  derived in terms of reduced matrix elements of multipole

model calculations reflects deficiencies in the associatedperators of the nuclear weak current, whose model is suc-
wave functions—a lack of correlations or limitations in the cinctly described in Sec. IV. Th&=6 and 7 nuclei VMC
model space—and/or in the model for the axial currentwave functions are reviewed in Sec. Ill, while predictions for
operator—which typically ignores many-body terms—or,the ®He 8 decay and’Be e-capture rates are presented and
rather, a true modification of the nucleon axial coupling indiscussed in Sec. VI. Our conclusions are summarized in
medium. Sec. VII.
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Il. TRANSITION RATES

Nuclear B decay is induced by the weak-interaction

Hamiltonian[ 18]

G )
HWZT\Z/-[ dxe ' (PetP) x| jo(x), (2.2

where Gy, is the Fermi coupling constantG{,=1.149 39
x10°° GeV 2[19)), |, is the leptonic weak current

lo=Ue¥o(1= ¥s)v,, (2.2

andj’(x) is the hadronic weak current density. The electron
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with | ,=M;—M;. In Egs.(2.5—(2.7) the g-dependent coef-
ficients are the reduced matrix eleme(RME’s) of the Cou-
lomb (C), longitudinal (), transverse electricH), and
transverse magneti@M) multipole operators, as given in
Refs.[13,18, and the vectors, denote the linear combina-
tions

(2.9

(2.10

and (electron antineutrino momenta and spinors are de-With €;3=0, €,=2X0/|zXq|, €;=6;X €. Since the

noted, respectively, bp, andp,, andu, andv, (e~ emis-
sion is being discussed hererhe Bjorken and Drel[20]
conventions are used for the metric teng6f and y matri-
ces. However, the spinors are normalized Ldsezv:‘,vv
=1. The amplitude for the proceZ—*(Z+1)e v, is
then given by

G
<f|HW|i>=—;I"<—q;A<z+1>,JfMfljf,(q>|Az,Ji M),

N
(2.3

where q=pe+p,, |%Z,J;M;) and |A(Z+1),J; M;) repre-

weak charge and current operators have scalar/polar-vector

(V) and pseudoscalar/axial-vec{@) components, each mul-
tipole consists of the sum &f andA terms
Ty =Ty (M) +Ty (A), (2.1)
whereT=C, L, E, andM, and the parity ofth-poleV op-
erators is opposite of that dth-pole A operators. The parity
of Coulomb, longitudinal, and electri¢h-poleV operators is
(—)', while that of magneticlth-pole V operators is
(—)'**. Finally, in Eq.(2.8) the D: ,, are rotation matrices
z'z

in the standard notation of Rgi21].

sent the initial and final nuclear states, the latter recoiling The rate for nucleag decay is then obtained from

with momentum—q, with spinsJ; and J; and spin projec-
tions M; andM;, respectively, and

(@)= [ dxeTT0=lp@.i@] @24

Standard techniqug¢43,18 are now used to carry out the
multipole expansion of the weak chargéq) and current

j(q) operators in a reference frame in which thexis de-

fines the spin-quantization axis, and the directipis speci-
fied by the angle® and ¢:

(JsM¢lpT(a)|I M) = mgo X5Ci(q), (2.5

(I My| €T (]I M) = mgo XoLi(@), (2.6

(I Meleh 1 i (@I Mi) = =27 2, Xe [ M(@)

+E(a)], (2.7

where the dependence on the directiprand on the initial

and final spins and spin projections is contained in the func-

tions X} , with A=0,*1, defined as

1/2
X\ (0:3 M3 Mi)E(—i)'( ) Di_\(—¢,— 6,0

23+1

X(Ji M, 115|135 My), (2.9

> 2 [fHwl)P

MiM¢ Ses,,

1
'B.: . — _—
drfi=27 8(Ei~ENz377

y dp. dp,
(2m)® (2m)®

(2.12

whereE;=m; is the rest mass of the initial nucledg, E;
=p,+ Jpi+mi+g?+m? is the energy of the final state,
m. and m; being the rest masses of the electron and final
nucleus A(Z+1). Carrying out the spin sums leads to
[13,18

1

fIHwli)?
2Ji+1M%fSeESV|< | W| >|
4
_n2 3 2
Glgg | (LHve v X ICi(a)

+<1—ve~0V+2ve-a~0p-cﬁ)lg0 ILy(a)|?
-2 a<ve+oy>§0 REC/(q)L](a)]
+<1—ve-6|~0y~a>gl [IMy(@)]2+[Ey(a)]?]

—2a<ve—ﬁy>|§l REM(QES (@)1, (2.13
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wherev,=p,/\/p2+m?2 andv,=p, are the velocities of the Ry<(X)
electron and antineutrino, respectively. Note that angular mo-  {atom|#¢(x)|atom) = Jin X(Se)
mentum and parity selection rules restrict the number of non- 4m
vanishingl multipoles contributing to the transition.

A few comments are now in order. First, the expression
above is valid fore™ emission, however, the rate fa"
emission corresponding to a transitidz —A(Z—1)e" v, (2.1
has precisely the same form, but for the sign in the last term )
of Eq. (2.13, +2q(Ve—V,)- - -. Second, for allowed transi- 19noring atomic many-body effects and relativistic
tions with |J;—J;|=+1,0 andm; m=1 the above rate is correctlons.—th|s Iatt?r apprQX|mat|on is reasonably justified
easily shown to reduce to the familiar expression in terms of0r low Z, since thee - velocity is =Za<1. In Eq. (2.1,
Fermi [F«Co(q=0:V)] and Gamow-Teller[GT=E,(q Rus(X) is the Is radial solution of the Schidinger equation,
=0:A)=2L,(q=0:A)] matrix elements, see Sec. V and a_nd the two-component spin stat€s,) has_ been conve-
Ref. [18]. Finally, a more realistic treatment—such as thatNi€ntly replaced by the four-component spingipe,se) in
outlined in Ref.[22], for instance—takes into account the the limit pe—0, which allows us to use standard techniques
distortion of the outgoing™ wave function in the Coulomb 0 carry out the spin sum oveg, at a later stage. The tran-
field of the residual nuclear system. The simple approximaSition amplitude reads
tion of multiplying the right-hand side of Eq2.13 by the G
ratio of the charged lepton density at the nuclear radius to the (¢ HW|i>:T\;Rls(O) [o

Rls(x)u(p s, PeO
\/E e1e)s e )

density at infinity has been deemed, however, to suffice for N

our purposes heresee Sec. Y One of the objectives of the A 1 A

present study is to estimate, in an allowed decay such as the X(=P,;N(Z=1),3s Milj o(p,)["Z,3; M),
®He—°®Lie” v, under consideration [with (37;T;) (2.1

=(07;1) and ¢;";T)=(17;0)], the size of corrections as-
sociated with(i) retardation effects due to the finite lepton

momentum transfer in the decay at) transitions other approximating it with its value at the origin. The resulting

than those of F[Cy(q;V)] and/or GT [L4(g;A) and ; : - ;
E1(qg;A)] type. For example, a naive analysis of the six-bodydlﬁeremlaI rate s then written 447,19

whereT(,EUVyU(l— v5)Ue, and thee™ radial wave function
has been factored out from the matrix elemenjip,) by

decay above would ignore the momentum transfer 1 dp
dependence—itis in the range<qj<4 MeV/c—aswellas  dI'fj=2m 6(Ei~Eq)53 7 > 2 KEHWHP——5.
the contributions arising from transitions induced by the ! MiMf SeSy (2m)

axial charge and vector current operators €@igq;A) and (2.17

M,(q;V) RME's, respectively. Of course, available tabula-\yhere the initial and final energies are now given By
tions of F and GT matrix elements extracted from experi-_ m;,+m, and E;=p,++/p5+ms, respectively. Note that

ment[23] do attempt to estimate these correctiéaswell as  5iomic binding energy contributions have been neglected,
those due to electron screening, the finite extent of thesince they are of the ordeZ@)?my/2. The square of the

nuclear charge distribution, etcThe latter are typically ob- amplitude summed over the spins can be obtaimedatis

tf"“md’ however, within the context ofa sh_ell_-rr!odel dG?Scr'p'mutandisfrom that corresponding te™ emission discussed
tion of the nuclear wave functions. Thus, it is interesting to

. : s bove in the limitp.=0 (q=p,):
re-examine the issue above within the present frameworf’él Pe @=p.)

using more realistic wave functions. 1 -
Thee™ capture(so-callede capture process is governed 23,+1) M2M SES [KFHWli)]

by the same weak-interaction Hamiltonian in E2,1). How- ' e

ever, the lepton weak-current density is now given by 2|R13(0)|2 47

o -V A (2J|+1) I/ZO |C|(pv)_|—|(pv)|2

I,(X)=e""PrXu, y,(1- ys)(atom|ye(x)|atom),
( . (2.18

+2, IMi(p,)~Ei(p,)[?
where io(X) is the electron field operator anjdtom) and -
|atom) are the initial and final atomic states, respectively. A
realistic description of nuclear electron capture requires,
therefore, a careful treatment of the atomic physics aspects of The VMC wave functionV'+(J™; T) for a given nucleus is
the procesq24], such as those relating to atomic wave- constructed from products of two- and three-body correlation
function overlaps, exchange contributions, and electroneperators acting on an antisymmetric single-particle state
correlation effects. We defer to Sec. V for a discussion ofwith the appropriate quantum numbers. The correlation op-
some of these issues in the context of tie e capture of erators are designed to reflect the influence of the interac-
interest here. In this section, however, we simply approxitions at short distances, while appropriate boundary condi-
mate tions are imposed at long ran§ié—7]. The ¥(J™;T) has

IIl. WAVE FUNCTIONS
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embedded variational parameters that are adjusted to mini- .
mize the expectation value |\I,J>:A(_ IT f5 IT fodripp TT fopria)
i<j<k i<j<4 k=4<I<A
<‘I’T|H|‘I'T> X fLSInl
LT AT R 3.9 LSE[n] ﬁLS[”]4<|1<1n<A o ("im)
X|PA(LIN]IMTT. 5 .. . 3.6
which is evaluated by Metropolis Monte Carlo integration. [PA(LSn] 312345 A>)] 39

A good variational trial function has the form

The operatot4 indicates an antisymmetric sum over all pos-
sible partitions into fous-shell and A—4) p-shell particles.
SH (1+ Uij)}|\lfj>. (8.2 The pair correlation for both particles within teshell f . is
1<l set to thef; of the a particle. Thef, is similar tof ;s at short
range, but with a long-range tail going to a constart,
The Jastrow wave functiol’, is fully antisymmetric and Wwhile thef 53" is allowed to depend on the particular single-
has the §™; T) quantum numbers of the state of interest. Forparticle channel.
the s-shell nuclei we use the simple form The LY n] components of the single-particle wave func-
tion are given by

W)=

1+ > O
i<j<k

|DA(IMTTy)). (3.3 |PA(LS[NJIMTT3) 12345 ..4)

|\I,J>:[i<1r[<k flcijII;[J fe(rij)

=[®4(0000)1559 II #p3"(Ry)
Here f(ry;) andficjk are central two- and three-body corre- a=I=A

lation functions and®, is a Slater determinant in spin-
isospin space, e.g., for the particle X[ 11 Yim (2a)
4<|I<A
LM [n]
|®,(0000))=A|pTpinTnl). (3.4
X H XI(%ms)
4<1=A
B SMs)
TheU;; andU/;" are noncommuting two- and three-nucleon
correlation operators, anfl indicates a symmetric sum over % H u(Lty) 3.7
all possible orders. Thg;; includes spin, isospin, and tensor adiza 0278 - ' '
terms 3
The ¢;%(R,) arep-wave solutions of a particle in an effec-
U. = 2 u (r;;)OP (3.5 tive a-N potential that has Woods-Saxon and Coulomb parts.
WS T They are functions of the distance between the center of

mass of thex core and nucleoh and may vary with.§ n].

—16 . The wave function is translationally invariant, so there is no
where the O™ ~*=[1,0y- o Sijl®[L7-7;] are the main g ,rigus center of mass motion.

static operators that appear in theN potential. Thef(r) Two different types of¥’ ; have been constructed in recent
andup(r) functions are generated by the solution of a set of/\jc calculations of lightp-shell nuclei: an original shell-
coupled differential equations ~vvhlch contain a number ofodel kind of trial functior{5] which we will call type I, and
variational parameterp4]. The UR“ has the spin-isospin a cluster-cluster kind of trial functiopé,7] which we will
structure of the dominant parts of tieNN interaction as call type II. In type | trial functions, theﬁbs(r) has an ex-
suggested by perturbation theory. ponential decay at long range, with the depth, range, and
The optimalU;; and U do not change significantly surface thickness of the Woods-Saxon potential serving as
from nucleus to nucleus, but ; does. For the-shell nuclei,  variational parameters. THg, goes to a constant somewhat
¥ ; includes a one-body part that consists of four nucleons iess than unity, whilg 53" s similar to f at short range

an a-like core and A—4) nucleons inp-shell orbitals. We with an added long-range tail that is larger for states of lesser
use LS coupling to obtain the desiredM value, as sug- spatial symmetryn]. Details for thesé=6,7 trial functions
gested by standard shell-model studi2s]. We also need to are given in Ref[5].

sum over different spatial symmetrifs| of the angular mo- In type Il trial functions,¢>,';s(r) is again the solution of a
mentum coupling of th@-shell nucleon$26]. The one-body p-wave differential equation with a potential containing
parts are multiplied by products of central pair and tripletWoods-Saxon and Coulomb terms, but with an added
correlation functions, which depend upon the shelli(p) Lagrange multiplier that turns on at long range. This
occupied by the particles and on th& n] coupling Lagrange multiplier imposes the boundary condition
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[¢|F;S[n](r—>w)]nxwkm(27r)/r, (3.9  wherej.(q;V) is the charge-lowering<) or charge-raising
(+) weak vector curreni,(q; ) is the isovector part of the
where W,(2yr) is the Whittaker function for bound-state €lectromagnetic current, and.. is the (tota) isospin-
wave functions in a Coulomb potential ands the number lowering or isospin-raising operator. A similar relation holds
of p-shell nucleons. The is related to the cluster separation between the electromagnetic charge operator and its weak
energy which is taken from experiment. The accompanying/ector counterpart. For reference, we list only the expres-
fsp goes exactly to unitymore rapidly than in the type | trial - sions for the one-body terms (q;V) andj(q;V), in the

function) and thef; " are taken from the exact deuteron notation of Ref[13]:

wave function in the case diLi, or the VMC triton (®He) W (1) (. .
trial function in the case of'Li (’Be). Consequently, the pi (A V) = pinr(d; V) +pird A V) 4.9
type Il trial function factorizes at large cluster separations a§N ith
V= th, th Wil 2YF 0 )T 7 s (3.9
7= Yo Wim( 27y Pi(,1|\)1R(CI§V):7'i,telq i, (4.5

where ¢, and ¢ are the wave functions of the clusters and )
r.. i1s the separation between them. More details on these gl)c(q.v):_i (2p’—1)
wave functions are given in Reff8,7]. In the case ofHe, Pi.RctH: m?2
which does not have an asymptotic two-cluster threshold, we
generate &;2" correlation assuming a weakly bourl®,  and
nn pair.

For either type of trial function, a diagonalization is car- . ig-r . iq-r:
ried out in theygne—body basis to find thge optimal values of iM@v)= om TP €T —T ST X ey €9,

7i Q- (o X p)e'v", (4.6

v

the B g, mixing parameters for a givenJ(;T) state. The 4.7
trial function, Eqg.(3.2), has the advantage of being efficient _
to evaluate while including the bulk of the correlation ef- where[---, ---], denotes the anticommutatqr, o, and

fects. A more sophisticated variational function can be conare the nucleon’s momentum, Pauli spin, and isospin opera-
structed by including two-body spin-orbit correlations andtors, respectively, ang is the isovector nucleon magnetic
additional three-body correlationi#,27], but the time to moment ”=4.709 uy). Finally, the isospin raising and
compute these extra terms is significant, while the gain in théowering operators are defined as

variational energy is relatively small. In calculations

these extra terms have a negligible @.2%) effect on the Ti == (T x Tl 73 y)/2. (4.8
GT matrix element. ) )

The wave function at a given spatial configuratien The one-body terms in the axial charge and current opera-
—ry,f5, ... fa can be represented by a vector of 2 [0S have the standard expressigi§] obtained from the

X1(A,T) complex coefficients in spin and isospin spgsg nonrelativistic reduction of the covariant single-nucleon cur-
For the nuclei considered here, this gives vectors of 320 if€Nt, and retain terms proportional tont] m being the
6L, 576 in ®He, and 1,792 in'Li and 'Be. The spin, isos- "ucleon mass

pin, and tensor operato®f~>° contained in the Hamil-
tonian and other operators of interest are sparse matrices in pM(q;A)=— Zg_ATi,io'i[pi el (4.9
this basis.
IV. NUCLEAR WEAK CURRENT and
The model for the nuclear weak current has been most JP(a:A) = Re(a:A) +H B @A), (4.10
recently and exhaustively described in REE3]. Here we )
summarize only its main features. with
The nuclear weak current consists of vector and axial- (1) r
vector parts JiNR(AA)=—ga 7 w07 €91, (4.1
p=(D)=p=(V)+p(q;A), 4.9 (1) ga 2 iar -
Ji,RC(q;A):mTi,t oilpf, €9, —[o;-ppi, 9],
J«(@=]=(q;V) +]+(q;A), (4.2
1 . 1 .
with corresponding one- and two-body components. The —Ezri-q[pi,e'q'ri]+—§q[¢ri~pi,e'q'ri]+

weak vector current is constructed from the isovector part of

the electromagnetic current, in accordance with the . ) )
conserved-vector-curref€VC) hypothesis +igxp; e'q'”) ~omm Th=doi-geth
"
jo(@V)=[TL j a4 7)], 4.3 (4.12
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The axial-vector coupling constagj, is taken to bg 28] i
1.2654+0.0042, by averaging values obtained from the beta Li(g;A)= —
asymmetry in the decay of polarized neutrons and the half- Jam
lives of the neutron and superallowed ©:0" transitions. . ) ) . :
The last term in Eq(4.12) is the induced pseudoscalar con- while the E,(q;A) and My(q;V) RME's are determined
tribution (m, is the muon mags for which the coupling
constantyp is taken a§29] gp=—6.78,. i

Some of the two-body axial-current operators are derived AV= — —(81i1012.iT (ax A)|E
from - and p-meson exchanges and ther-transition Ea(@:A) \/§< L1002 j 4 (ax A)PHe.00. (5.9
mechanism. These mesonic operators, first obtained in a sys-
tematic way in Ref[30], have been found to give rather 1 N N
small contributions in weak transitions involving few- M1(q;V) = — —==(°Li,10]y- " (g%; V)[°He,00.
nucleon systemg12,13,17. The two-body weak axial- V2w
charge operator includes a pion-range term, which follows (5.4

from soft-pion theorem and current algebra argumem?—lere‘]i,Mi:O,o andJ;,M;=1,0 and the spin-quantization
[16,31, and short-range terms, associated with scalar- and

: . ﬁtxis is alongz. The matrix elements above are computed,
vector-meson exchanges. The latter are obtained consmten\mthout anv approximation. by Monte Carlo intearation. The
with the two-nucleon interaction model, following a proce- y app 0y 9 '

dure [32] similar to that used to derive the corresponding\é\l"’t,j\(cee fg?iﬂzzsnﬂr;ecﬂtznzgs oﬁegtc;]r;;nfotreansplni—\llsécr)]spln
weak vector-current operatof3]. P Y9

The dominant two-body axial current operator, however,s‘:)""t'alI conflgruratlorﬂz(_rl, oA Fo_r the glv_enR, th_e .
is that due ta\-isobar excitatiori12,13. Since theNA tran- state vectoO (R)W;(R) is calculated with techniques simi-

sition axial-vector coupling constagg is not known experi- lar to those developed in Ref14l—O(R) is any of the
mentally, the associated contribution suffers from a larg operators(q; V), j(d;V), etc., andVi(R) is the wave func-

model dependence. To reducd 12,13, the coupling con- Sion of the initial nucleus. The spatial integrations are carried

stantgx has been adjusted to reproduce the experiment:ﬂm with the Monte Carlo method by sampligconfigura-

X S ons according to the Metropolis algorithm, using a prob-
value of the Gamow-TellefGT) matrix element in tritiumg . . . +
. ability densit roportional to(¥:(R)¥:(R)), where
decay, 0.95Z70.003 [12]. The value used fogy in the y Yy prop (P (R)W(R))

N WV¢(R) is the wave function of the final nucleus and the

present worK 'Sg,A_l'NgA [17]. ) ) ) notation (- - -) implies sums over the spin-isospin states.

The A-excitation operator used here is that derived, in thery nicaily 20 000 configurations are enough to achieve a rela-
staticA approximation, using first-order perturbation theory.+ive error<1% on the matrix elements.
This approach is considerably simpler than that adopted in° 5ce the RME’s have been obtained, the calculation of
Ref.[13], where theA degrees of freedom were treated Non- e tota| transition rate is reduced to performing the integra-
perturbatlvgly, by retaining th_em _epr|C|tIy in the nuclgar tions over the outgoing momenta in E4®.12) and(2.17). A
wave functiond 33]. However, it is important to emphasize glance at Eqs(2.12) and (2.13 shows that the differential

[13] that results obtained within the perturbative and nonperi;ie depends on the magnitude of the electron momeptum

turbative schemes are within 1% of each other typically, ONCE,  the variable. —=b..5 . since the maanitude of the an-
gx is fixed, independently in the perturbative and nonpertur;, er="Pe Py, 9

bative calculations, to reproduce the experimentally know&ineutrino momentum is fixed by the energy-conserving
GT matrix element. see Table XV in RdfL3], unction. The total rate can therefore be written as

(°Li,10|z-j1 (qz;A)|®He,00, (5.2

G2m2
Vvitie B (55)

Fﬁ: 5.3 Vi

V. CALCULATION

The calculation of the3 decay ande-capture rates pro- where the constam‘z’fgi is simply given by
ceeds in two steps. First, the Monte Carlo evaluation of the )
weak charge and current operator matrix elements, and the , 27 (p¥ —— — (? .1
subsequent decomposition of these in terms of reduced ma- h= 2~Ji+1fo dpePeF(Z1,Pe) J_ldxevpyfrec ]
trix elements(RME’s); second, the evaluation of the rate by (5.6)
carrying out the integrations in Eq.12) and (2.17).

The RME's are obtained from Eg&2.5—(2.7) by choos- Here all momenta and rest masses have been expressed in
ing appropriately they direction. For example, in thg de-  units of the electron massp{=pe/me, M=m;/mg, m,
cay of °He theC,(q;A) andL,(q;A) RME’s are determined =1, etc), [---] denotes the content of the large square
from brackets on the right-hand side of E.13, f .. is the re-

coil factor resulting from integrating out th& function,

PeXer P,
14+ =y 22
mg mg

i R
Cy(a;A) = —(°Li,10p" (qz;A)[°He,00,  (5.1) frec=

Jan

: (5.7)
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and the antineutrino momentuﬁ is i
Ellz(q:O;A):\/ELllz(q:O;A):_ gn Ti,+ 01,
_ oA Vo

p.,= , (5.13
1+ PeXe, /M + \/(1+E§xevlﬁf)2+ 2A/my

where o 5 denote the spherical components @f. The
constantyﬁ is then obtained as, neglecting nuclear recoil
whereA =m, — m; — \/p2+ 1— p2/(2my). Lastly the function ~ Corrections,
F(Z; ,HG) accounts approximately for wave-function distor-

(5.9

. . : ; |F|2+g3|GT|?
tion effects of the outgoing electron in the Coulomb field of yﬁ:—A , (5.14
the final nucleus with atomic numb&; and radiusk; (ex- 2%i+1
pressed in units of the Compton wavelength of the elegtron _
mi—m¢ —— — — —_— —_
[22] f= L "dEEL(E2- 1)YAm,—mi—Eo)°F(Z; o),
IT(yotinv)? (5.15

F(Z,pe)=2(1+ y0)(2pR)2(0~ D) i
IT(2yo+ 1) since the integration ovex,, can now be performed trivially.

(5.9 The familiar definitions of the Fermi and Gamow-Telleg-

with yo=V1—(aZz)? and v=aZ/v,. The maximum al- duced matrix elements

lowed electron momentum is denoted wﬁ:i, the upper
integration limit in Eq.(5.6), and is given by F=(J;|

E Ti,+

[9i), (5.16

PE = ([ N+ 2my(m, — my)+ 1— m - 1}2
(5.10 GT=(J{

> 103 (5.17

Neglecting the recoil of the final nucleus leadsftg.=1,

p,=m—m— Vp2+1, andp* = \/(m,—m;)2—1. have been introduced, as well BEs=\/p2+ 1. Combining
Note that there is an implicit dependencemyandx,, in ~ EQs.(5.5 and(5.14) leads to the standard expression of the
the RME'’s via the momentum transfer It is convenient to  decay rate for allowed transitions as, for example, in Ref.
make this dependence explicit by expanding the RME’s as[23].
Finally, the total rate fore capture easily follows from
Egs.(2.17) and(2.18:

T(@)=9"2 t20", (5.1
n=0 2 5
e_ Vie= 2¢—1
consistently with the known expansions of the multipole op- I'fi= 472 E;IRis(0)] ffe°23i+ 1[- -], (5.18

erators in powers of| [13]. Herem=I,I+1, depending on
the RME.conS|dered. For czaxample, n tﬁ.bleB decay ON€  where nowl[- - -] denotes the content of the large square
has C1(a;A) =q(Cot €197+ ), La(@A)=l10t110%  prackets on the right-hand side of E@.18), and the recoil
+ ..., etc. Given the low momentum transfers involved in . . 1 - — L=
" . : : factor is given by f.=[1-E,/(m+1)=1 with E,

all transitions under consideratiogs=4 MeV/c, the leading — B te v = )
and next-to-leading order termg, andt, , are sufficient to ~ =L(Mi+1)"=m¢]/[2(mi+1)]=m+1-m;. Again, we
reproduce accurately T,(q). Incidentally, the long- have expresied masses and energies in units.0f and
wavelength approximation corresponds, typically, to retain-RlS(O)=mg/2Rls(O). In particular, for allowed transitions
ing only the t, term. Finally, standard numerical and ignoring recoil effects, we obtain the familiar rega]
techniqgues—Gaussian quadratures—are used to carry out the
integrations in Eq(5.6). N . GIm_, LIFI?+gz|GT?

It is useful to consider the case of allowed transitions for fi=ﬁEV|Rls(0)| —%3+1 - 19
which |J;— J¢|==1,0 andm;m=1, such as th€He B de- m !
cay of interest in the present study. Ignoring retardation cor-

rections due to the finite momentum transfer involved in the As already pointed out In Sec..ll, however,. a more accu-
decay, one finds that the only surviving RME's in the limit rate treatment of the atomic physics aspects is warranted for

q—0 areCo(V), L1(A), andE(A)—of course Co(V) van- gBmeanmqul cor]p;.:)etrlsont Vr\]llth experrllment. In the (r:]ase_o(fjthed
ishes unless);=J;. The one-body terms in the associated € e capture ol interest here, such a program has indee

: g been carried out by Chen and Crasem#84d]. They use
multipole operators read in this limii.3,19 multi configurational Hartree-FocltMCHF) wave functions

to represent the initial ground state of thBe atom as

2.5
e

1
coo<q=o;V>=—2i T (5.12

Jan

¥, =C,;d(15?25%) + C,P(1s%2p?), (5.20
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TABLE I. Binding energiegMeV) and point radii(fm) of A=6 and 7 nuclei obtained with VMC wave
functions of type | and Il for the AV18/UIX Hamiltonian model. Also listed are the corresponding GFMC and

experimental values.

Nucleus Wave function B (roy2 (r2yv2

SHe(g.s.) Type | 23.99) 1.971) 2.882)
Type Il 23.787) 2.293) 3.235)
GFMC 28.11) 1.971) 2.941)
Expt. 29.27

8Li(g.s.) Type | 27.097) 2.491) 2.491)
Type lI 27.347) 2.501) 2.501)
GFMC 31.11) 2.571) 2.571)
Expt. 31.99 2.43

"Be(g.s.) Type | 30.4®) 2.441) 2.3001)
Type Il 30.0410) 2.441) 2.331)
GFMC 36.21) 2.521) 2.331)
Expt. 37.60

Li(g.s.) Type | 32.099) 2.301) 2.441)
Type I 31.879) 2.321) 2.431)
GFMC 37.81) 2.331) 2.521)
Expt. 39.24 2.27

7Li*(0.48 MeV) Type | 31.9) 2.291) 2.441)
Type Il 31.4310) 2.31(1) 2.421)
GFMC 37.52)
Expt. 38.76

and the final %- or 2s-hole states, afteK or L, captures in VI. RESULTS

standard nomenclatuf@4] as

P =Cd'(1s2s?)+ CLd'(1s2p?),

Y, =d'(1s°2s).

(5.22

(5.20)

In this section we report results for th# decay of °He
and the e capture in ‘Be. The variational Monte Carlo
(VMC) wave functions of theA=6 and 7 nuclei have been
obtained from a realistic Hamiltonian consisting of the Ar-
gonneu ;5 two-nucleon[8] and Urbana-IX three-nucled9]
interactions, the AV18/UIX model.

The binding energies and radii predicted by the VMC

They then proceed to evaluate the matrix elementgyaye functions of type I and Il discussed in Sec. Il are listed

(Wil he(x=0)|¥;) and similarly for¥, . The MCHF ap-

for reference in Table I, along with the exact GFMC energies

proach goes beyond the independent-particle approximatiofer this Hamiltonian[5] and the experimental values. We
commonly adopted in the analysis of electron capture, byiote that the type | wave function gives a slightly better
retaining the effects of Coulomb correlations among the elecenergy in all cases, except f6ti, while the nucleon radii

trons. The end result is that the rate, including bi§tandL,
captures, can be conveniently written as in £&q18), but for

the replacemeniiR;5(0)|2—BX |R;(0)|2, where

Rys(0)|”

B: BK+ _
R1s(0)

L

in the notation of Ref.[34], with B,=|V,|e(x
=0)|¥;)]? anda=K or L. Using the values listed in Table
Il of Ref. [34] for Bk, B, and the ratio of(radia) wave

functions at the origin, as well as the value ®y,(0) from
Table IX of Ref.[24], we find the relevant combinatioB

% |Ry15(0)|? to be equal to 7.240810~° for the case of Be.

(5.23

are very similar in all cases except fbHe. The VMC wave
functions underbind by about &) MeV in the A=6 (7)
nuclei compared to GFMC; all indications are that this defi-
ciency is due to a small amount of high-energyl GeV)
contamination, probably due to inadequate short-range
many-body correlations. In turn, the GFMC energies are
about 4% short of experiment, indicating the AV18/UIX
model is not quite satisfactory for these nuclei.

The contributions of the different components of weak
vector and axial-vector charge and current operators to the
reduced matrix elementRME’s) contributing to theB de-
cay of ®He and thee capture in’Be are reported in Tables II
and VII. In these tables the column labeled “one-body” lists
the contributions associated with the one-body terms of the
charge and current operators, including relativistic correc-
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TABLE IlI. Contributions to thepurely imaginary reduced matrix elements;(A), L,(A), M4(V), and
C;(A) atq=0.015 fm ! in ®He B decay. See text for notation.

RME 1-body Mesonic A (1+2)-body
10t X E,(A) —6.540(15) —0.004(3) —0.110(3) —6.654(16)
10t X L4 (A) —4.623(11) —0.003(2) —0.078(2) —4.704(11)
10°X M4 (V) 3.9229) 0.3002) 0.0571) 4.27910)

10°X C,(A) —4.584(32) —0.977(10) —0.171(5) —5.733(34)

tions proportional to 1h?. These are the operators given in  The largest(in magnitud¢ RME’s are thelL,(A) and
Egs. (4.4), (4.7), (4.9, and (4.10 of Sec. IV. The column E;(A) due to transitions induced by the weak axial current
labeled “mesonic” lists the contributions from two-body j(qg;A). This is to be expected since the decfjle —
vector and axial-vector charge and current operators, assock je~4, is a superallowed one, having{:T;)=(0";1)
ated with pion and vector-meson exchanges, namely, those %d 07:T)=(1":0). Thetwo-bod “melsonic” contribu-
Egs. (4.16—(4.17, (4.30—(4.31), (4.32—(4.34, and on¢ ¥ ils ) 1 Y

(4.39—(4.37) of Ref.[13]. Lastly, the column labeled A” tions 0j(q:A) are individually very small, moreover they
lists the contributions arising from excitation, obtained in INterfere destructively and nearly cancel out. The two-body

perturbation theory and in the static approximation, as in axial current contributions due tb excitation are at the level
Eqs. (4.44, (4.48, (4.50, and (4.52 of Ref.[13]. We reit- of =1.5% of the leading one-body contributions.

erate that the coupling constagjt in theNA axial two-body The transitions mdgced by Fhe axial C.hafge and vector
. current are inhibited, since the first nonvanishing terms in the
current has been set equal to the value A7 required to

reproduce the tritium Gamow-TelléGT) matrix element in long-wavelength expansions of the associated multipole op-

a calculation based on the same treatmenA alegrees of erators are linear i, and hence their contr?butior@l(A)
freedom, and using correlated-hyperspherical-harmonics trﬁmd'\/I 1(V) suppressed by one power@R (R is the nuclear

nucleon wave functions corresponding to the AV18/UIX rgdlug with respect td_,(A) andE, (A). The two-body con-
Hamiltonian mode([17] (see discussion in Sec. |V t”b”"or.‘s tOMl.(V) andC,(A) are relatively large, and in-
The contributions of the different components of the Weakcrease(l_n magnitudg the one-body _results by 9% and .25 %,

axial current to the GT matrix elements occurring in fitée respectively. Among the “mesonic” terms, .the axqu

3 decay and’Be e capture are reported in Tables IIl, V, and charge and vector current operators are dominant, while the
VI. The notation in these tables is similar to that just dis_vector-_m_eson exchange as wellz}asope(ators play a minor
cussed above, with the only difference that it is now in ref_role. It is important to stress the model-independent character
erence to the axial current only. Furthermore, the one-bod f the mr-exchange two-body operators, whose vector and

contributions are separated into the contributions associat |aI-_vector structures are dictated, respectively, by gauge
invariance[13] and current algebrfl6] arguments.

with the leading and next-to-leading terms in the nonrelativ- : .
istic expansion of the covariant single-nucleon axial current TheM (V) RME is approximately related by CVC to the

; o P RME of the electromagnetic multipole operatdr;(y) con-
Egs.(4.11) and(4.12. Having clarified the notation ifmost ) o . L
of) the tables, we now proceed to discuss the results for thgecting the I&'f(s'% I\rqle\/e) excited state dW'th‘]CT’T) .as-
SHe 8 decay and’Be e capture separately in the next two S'dNments (0:1) to the "Li(g.s.) ground state X"T)
subsections. =(17:0) via

1

Mi(Q;V)=——
6 o : NeT
The "He B decay is induced by the weak axial-vector

charge and current, and weak vector current operators via the ~—\2M4(q; ), (6.1)
multipolesC4(q;A), L1(g;A), E1(q;A), andM(q;V). The
values for the associated RME'’s, obtained with type | VMCwhere we have made use of E¢4.3) and (5.4), and have
wave functions, are reported in Table Il at a valueassumed that théLi(g.s.) as well as the®He(g.s.) and
0.015 fm ! of the lepton momentum transfgr Note thatin ~ °Li*(3.56 MeV) states are members, respectively, of an
the decayq varies, ignoring tiny recoil corrections, between isosinglet and an isotriplet. Of course, electromagnetic terms
0 and=0.020 fm !, corresponding to an end-point energy and isospin-symmetry-breaking components in the strong-
m(®He)-m(5Li) =4.013 MeVL?. interaction sector, both of which are present in the AV18/UIX

A. The ®He B decay (°Li,10|[ T+ .y-j1(a%; ¥)1|°He,00

TABLE IlI. Contributions to the Gamow-Teller matrix element file 8 decay. See text for notation.

Wave function 1-body NR 1-body RC Mesonic A (1+2)-body
Type | 2.2545) —0.0094(3) 0.001®) 0.037610) 2.2845)
Type Il 2.24610) —0.0100(3) 0.001410) 0.041811) 2.27810)
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TABLE IV. Values in ms for the®He half-life obtained in a by only =0.2%. Thirdly, the relativistic corrections to
number of approximation schemes. See text for an explanation. Thgq; A) (proportional to 1h?) are relatively large, compa-

measured half-life is also listed. rable to the leading two-body contributions associated with
A excitation, and have been neglected in all previous studies
1-body (1+2)-body we are aware of. Lastly, thg,(q=0;A) RME, derived from
E,(0:A) and L;(0:A) 762.9 743.2 Eq. (6.2, is —i_0.6657(total), which should be_compared to
E.(q:A) and L(q:A) 763.5 744.0 the valueﬁl—|0.6654 (total_, type ). obtamed_ at q
Al 764.4 7451 =0.015fm *. Thus retardation corrections are tiny, as ex-
Expt. 806.7- 1.5 pected.

Finally, in Table IV we list the values for the half-life of
%He derived from Eqgs(5.5 and (5.6) under different ap-

Hamiltonian model, will spoil the relation above to some Proximation schemes for purpose of illustratiomote that
extent. However, the present VMC wave functions of type 1712=In2/I"). The first row in Table IV is obtained by retain-
for ®Li(g.s.), ®Li*(3.56 MeV), and®He(g.s.) are purd  ing only theL;(A) and E;(A) RME's evaluated atj=0,

=0 and TM;=10 and 1-1, respectively. Simildtype ) namely, neglecting retardation corrections as well as the con-
wave functions have been recently employed in IREf] to tributions from transitions induced by the vector current and
carry out a calculation of the elastic and transition form fac-axial charge. It is equivalent to using E¢S.14) and(5.15,

tors of theA=6 systems and, in particular, of the radiative apart from negligible recoiling corrections. The second row
width of the ®Li*(3.56 MeV) state. The values for the again includes only thé;(A) andE;(A) RME's, but now
M;(y) RME were found to be-i2.81x10 % and —i3.09 keep_s their full momentum transfer dgpende_nqe. _Thg third
% 10~3 including one-body only and both one- and two-body "OW includes all contributing RME’s with their intrinsiq
terms in the electromagnetic current operdttt] in agree-  dependence. The last row reports the measured half-life from
ment, on the basis of E@6.1), with those reported in Table Ref.[35]. _ _

II. Incidentally, the radiative width of théLi* (3.56 MeV) Itis important to stress that in the present calculation the
was predicted to bEL1] 7.49 eV and 9.06 eV with one- and €ffects of Coulomb distortion of the outgoing electron wave
(one+two)-body currents. The experimental value is (8.19function are considered within the approximate scheme dis-

+0.17) eV. cussed in Sec. V. In existing tabulations, such as those in Ref.
In Table 11l we list results for the GT RME, related to the [23], these effects are treated more realistically, by solving
L,(g=0;A) andE,;(q=0:A) RME’s via the Dirac equation for the electron in the field generated by

the (extended charge distribution of the daughter nucleus.
i Obviously, this approach complicates considerably the for-
E.(q=0;A)=2L,(q=0;A)=— ——g,GT, (6.2 mulas derived in Sec. Il using plane waves. However, the
V6m “error” made in our present treatment should not be large, as
_ _ ) can be inferred from the following argument. If one takes the
with ga=1.2654. A few comments are in order. Firstly, the experimental value for the GT matrix elemef®.173 to
predictedﬁl—!e GT 'RME is about 5% larger than thg value of compute back the experimental half-life, but using E&s5)
2.173 that is derived from Eq$5.5 and (5.14) using the  and(5.6), one obtains a value of 820.4 ms, which should be
most recent tabulation of the Idfg) value for the®He decay, compared to the “true” experimental half-life of 806.7 ms.
2.910+0.002, reported in Ref35]. This over-prediction is  This 1.6% difference is presumably due to our present ap-
already present at the level of the one-body contributionsproximate scheme for dealing with Coulomb distortions of
those associated with two-body operators further increase thge electron waves. Lastly, if these were to be altogether
discrepancy from about 3 to 5%. Secondly, the diﬁerencqgnored [by settingF(Z,Ee)zl in Eq. (5.6)], the resulting
b_etween the results obtained with type | and Il wave func'calculated values fory,, in the same approximation as in
tions are very small, even though those fide have very the third row of Table 1V, would be 823.9 ms and 803.1 ms

different nucleon radii. The type Il wave functions, in con- . ;
. ’ with 1- and(1+2)-body operators, respectively.
trast to those of type |, incorporate long-range Coulomb cor- ( ) yop P y

relation effects and the correct two-body clustering behavior
in the asymptotic region, as discussed in Sec. Ill. However,
these asymptotically improved wave functions have only a The “Be nucleus decays by electron capture to the ground
marginal impact on the value of the GT RME, by reducing itstate of ‘Li and to its first-excited state at 0.478 MeV. The

B. The "Be € capture

TABLE V. Contributions to the Gamow-Teller matrix element in thBe e capture to the’Li ground
state. See text for notation.

Wave function 1-body NR 1-body RC Mesonic A (1+2)-body
Type I(20k) 2.36629) —0.038(2) 0.003a.8) 0.11Q3) 2.44129)
Type (10K 2.28842) —0.034(3) —0.0029(26) 0.11() 2.361(42)
Type 11(10K) 2.32141) —0.041(2) —0.0008(9) 0.106) 2.38741)
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TABLE VI. Contributions to the Gamow-Teller matrix element in tfBe e-capture to the’Li first

excited state. See text for notation.

Wave function 1-body NR 1-body RC Mesonic A (1+2)-body
Type 1(15.5K 2.1576) —0.028(1) 0.0066) 0.080Q1) 2.2156)
Type (10k) 2.1547) —0.028(1) 0.006@RL0) 0.0802) 2.2187)
Type 11(10K) 2.1547) —0.034(1) 0.0040L1) 0.0932) 2.2188)
(J™T) assignments of "Be(g.s.), ’Li(g.s.), and the electron mags The M,;(V) and C;(A) transition
3-.1 strengths are down by 3 and 4 orders of magnitude with

Li*(0.48 MeV) are ¢ ;3), (
tively.

The calculated GT matrix elements for the transitions t
the ground and first excited states ‘@fi are given in Tables
V and VI. The first and second rows in Table(VI) list the
results obtained with VMC wave functions of type I, and
based on random walks consisting of 20 00® 500 and
10000 (100009 configurations, respectively. Note that the
statistical Monte Carlo errors are at the 1% level for the
decay to’Li, and almost an order of magnitude smaller for
the decay to’Li*. Indeed, the central values computed in the
longer and shorter random walks are fully consistevithin
error9 in the ground- to excited-state transition, but barely
so in the ground- to ground-state transition. The third row in
Tables V and VI lists the results obtained with VMC wave

$7:3),and ¢ ;3), respec-

functions of type Il and based on 10 000 point random walks.

As for the A=6 case, it appears that the asymptotically im-
proved wave functions of type Il lead to values for the GT
matrix elements not statistically different from those of type
I. The two-body contributions increase by roughly 3% the

one-body matrix elements, and as discussed below, brin\r‘%

theory into better agreement with experiment.

The e capture to’Li(g.s.) also proceeds through a Fermi-
type transition. The Fermi matrix element, defined as in Eq
(5.16), is F=—2J:+1 with wave functions of type I, in

which isospin-symmetry-breaking components are ignored.

However, the type Il wave functions do include long-range
Coulomb correlations, and therefore break the isospin sy
metry of the isodoublefBe(g.s.)/Li(g.s.). The Fermi ma-
trix element is calculated to be, in this casel.999.

In Table VII we report the contributions from the indi-
vidual components of the weak vector and axial charge an
current operators to the dominant RME’s occurring in the
transition to the first-excited state 6ti (the corresponding

neutrino energy i€,=0.384 MeV orEV=0.752 in units of

TABLE VII. Contributions to the(purely imaginary reduced
matrix elementsE;(A), L;(A), M(V), andC,(A) in the 'Be €
capture to the'Li first excited state aE,=0.7515(in units of the
electron mags See text for notation.

(0)

m-

respect to the leading,(A) andL4(A). There are in prin-
ciple additional contributions from order 2 multipoles, such
asC,(V) andM,(A), for example, however, these are ex-
pected to be even more suppressed than those dug (@)

and C,(A). No attempt has been made to calculate them.
One should note that the retardation corrections in the
E.(q;A) andL4(q;A) RME’s are negligible. Indeed;(q
=0;A)=2L,(q=0;A)=6.456< 10" * in the (1+2)-body
calculation, which should be compared with 6.4210 *
from Table VII. Lastly, theM (V) RME can be expressed
via CVC, again ignoring isospin-symmetry-breaking effects,
as

V2 q

3 2m

—("Li* [[a(P L],

Mi(q;V)=—i [("Be* || ua(7)||"BE)

(6.3

where 'Be* is the first excited state ofBe at 0.429 MeV
ith (3J™;T)=(1"/2;1/2), andw4(7y) is the magnetic mo-
ent operator. From the experimentally known radiative
widths of the’Be* and ’Li* stateq35], the isovector com-
bination above of transition magnetic moments is found to be
(5.87+0.14)uy, and the resultingM4(q;V) is —i5.66
% 104, which should be compared to the predicted values of
i5.010<10 4 and —i5.904<10 * with one- and(one
+two)-body currents from Table VII, respectively. Inciden-
tally, in the case of the transition to the ground stat€/lif
one finds, using the experimental values for fie and Li
magnetic moments [respectively, -1.398(1p)y and
8.256424(2)LN from Ref.[35]], that the isovector combina-
fion similar to that in Eq(6.3) (with 'Be* —’Be and "Li*
—7Li) is i(0.1007-0.0003)x 10" 2, while the calculated
values arei0.111x 10 2 and i0.132< 10" 2 with one- and
(onet+two)-body currents.

Finally, in Table VIII we report the predicted half-life and
branching ratio of'Be to the ground and first-excited states

TABLE VIII. The half-life and branching ratio of Be to the
ground and first excited states Hfi, predicted with one- andone
+two)-body currents, are compared with the experimental values.

RME 1-body Mesonic A (1+2)-body  The VMC wave functions of type | are used.
10'<E,(A)  6.19218 00163) 0.2204)  6.42719

1-bod 1+2)-bod Expt.
10'xL,(A) 440813 001712) 0.1633)  4.58413 ody  (1+2-body xP
10°xM,(V) —5.010(13) —0.746(6) —0.148(2) —5.904(14) 7,(days) 62.29 58.24 53.220.06
10°x C.(A) 5.32890) 0.45620) 0.16317) 5.94893) (%) 10.20 10.33 10.440.04
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of 7Li. We have ignored the tiny corrections due to retarda-vecto) operators contribute 12% of the total rate.

tion effects and transitions induced by the vector current and The origin of the current unsatisfactory situation between

axial charge operators, i.e., E&.19 has been used fdP€, theory and experiment is most likely to be in the approxi-

but for the replacemen|t§ (0)|2—>B><|§ (0)|2=7.2403 mate character of the VMC wave functions used here. We
1s 1s -

%1075, The half-life is over predicted by about 9%, while have explored the sensitivity of the results to alternative

he b hi S d dicted by 1%. Two-bod VMC wave functions, denoted as type Il in Sec. lll, which
the branching ratio Is under predicted by 1%. Two-body COn’mcorporate a better treatment of the asymptotic behavior, in
tributions reduce significantly the discrepancy between th

lculated and q o ‘f)articular the clustering properties into+2 or 3+4
calculated and measured quantiies. subsystems. No significant changes in the calculated values

have been found. Thus, the next logical step in our quest for
VIl. CONCLUSIONS a quantitative understanding of weak transitions in e
In the present study we have reported on calculations of & and 7(as well asA=8) systems, is to repeat the present
the SHe B-decay and’Be e-capture rates, using variational calculations with the more accurate Green'’s function Monte
Monte Carlo(VMC) wave functions derived from a realistic Carlo wave function$9,10,34. _ _
Hamiltonian, and a realistic model for the nuclear weak cur- Another, although probably lesser problem, is the inad-
rent and charge operators, consisting of one- and two-bod§auacy of the AV18/UIX Hamiltonian, as reflected in its un-
terms. Both processes are superallowed, and are therefoféroinding of theA=6 and 7 nuclei. Thus it will also be
driven almost entirely by the axial currefand, additionally, worthwhile repeating these Calculatlons_ with one pf the more
by the vector charge in the case of thBe decay to the advanced lllinois three-nucleon potentiaB6]. It will also
ground state of Li). The two-body part in the axial current be useful to investigate the numerical implications of models
operator has been adjusted to reproduce the experimentaljf the nuclear weak current derived from effective field
known Gamow-TelleGT) matrix element in®H 3 decay. ~ theory approaches, such as those in RESg,38. Most of
The GT matrix element ifHe is over predicted by about the computatlonql techniques and computer codes developed
5%, while those in’Be connecting to the ground and first here_ can b.e _car_rled over 1o this pla_mned next stage.
excited states of Li are underpredicted by 5%, when com- Finally, it is important to establish whether the present

pared to the experimental values. However, the observeﬁpproaCh' based on realistic interactions and currents, leads
branching ratio in the'Be e capture. is reason'ably well re- 0 a consistent description of the available experimental data

produced by theory. We have verified explicitly that the ON Weak transitions in light nucleeyondthe A=3 systems

(relatively small discrepancies between the measured an rwhic_h itg va!idity has already been ascertained. One im-
calculated GT matrix elements are not explained by the inPortant implication of such a program should be made clear:

clusion of retardation effects or by the shift of strength toit would serve to corroborate the robustness of our recent

suppressed transitions induced by the weak vector Currel&re?ictions for the 3<):ross sections of the proton weak captures
and axial charge operators. on “H [12,37 and “He [13,38§.

One- and two-body axial current contributions interfere
constructively, leading to a 1.7¥4.4% on averagancrease
in the one-body prediction for the GT matrix elementide The work of R.S. was supported by U.S. DOE Contract
("Be). As a result, the inclusion of two-body operators hasNo. DE-AC05-84ER40150 under which the Southeastern
the effect of slightly worseningsignificantly improving the  Universities Research Associati®URA) operates the Tho-
agreement between theory and experimerftie (‘Be) sys- mas Jefferson National Accelerator Facility, and that of
tems. It is important to stress that the same model for th&.B.W. by the DOE, Nuclear Physics Division, under Con-
nuclear weak current adopted here, has been recently showract No. W-31-109-ENG-38. Most of the calculations were
to provide an excellent description of the processmade possible by grants of computing time from the Na-
3He(,u,_,vﬂ)3H [17], in which two-body(vector and axial- tional Energy Research Supercomputer Center.
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