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Novel weak decays in doubly strange systems
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The strangeness-changiny$= 1) weak baryon-baryon interaction is studied through the nonmesonic weak
decay(NMD) of doubleA hypernuclei. Besides the usual nucleon-induced déddy-NN we discuss novel
hyperon-induced decay modds\ — AN and AA—3XN. These reactions provide unique access to the exotic
AAK and AZK vertices that place new constraints on chiral pertubation thepRT) in the weak S(B)
sector. Within a meson-exchange framework, we use the pseudoscajaf octet for the long-range part
while parametrizing the short-range part through the vector mesand* . Realistic baryon-baryon forces
for the S=0, —1, and—2 sectors account for the strong interaction in the initial and final states; fiée the
new hyperon-induced decay modes account for up to 4% of the total nonmesonic decay rate. Predictions are
made for all possible nonmesonic decay modes.
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[. INTRODUCTION where short-range effects must be included, they have been
modelled either through the exchange of the vector meson

The production and weak decay properties of strangenessctet[2—4] (p, w, andK*) or quark exchanggs]. The vector
rich systems is of fundamental importance for our underbaryon-baryon-meson vertices are constrained by much
standing of relativistic heavy-ion collisions and certain astro-weaker SW6) considerations. Thd N— NN process is then
physical phenomena, such as neutron stars. The simplestnbedded in nuclear many-body matrix elements using ei-
systems with strangeness, hypernuclei with one or two bounther correlated Faddeev amplitudes in the case of few-body
A’s, have been used to study both the strong and the weadkystems, hypernuclear shell model wave functions, or
baryon-baryon BB) interaction in the S(B) sector. Until  nuclear matter solutions within the local density approxima-
now, hypernuclear weak decay represents the only source tibn, depending on the mass number of the hypernucleus
information on thg AS|=1 four-fermion interaction, where, under investigation. While this description of hypernuclear
in contrast to the wealdS=0 NN case, both the weak weak decay is not as rigorous as effective field theory would
parity-conservingPC) and parity-violating(PV) amplitudes  require, it nevertheless has been reasonably successful in de-
can be studied. scribing the available experimental data.

In the absence of exact solutions to low-energy QCD, Since the late 1960s, the production and decay of single-
effective field-theory techniques based on chiral expansionBypernuclei have been studied experimentally in great detail,
have been fairly successful in the description of hadronidut only very few events involving doubly strange objects
observables in thénonstrangeSU(2) sector. The stability of have been reporteb—12]. Double A hypernuclei are pro-
the chiral expansion is less clear for the(SlUsector, due to  duced via the K~,K ™) reaction at KEK(Japan and BNL
the significant amount of S@) symmetry breaking. Awell- (USA), where aAA hypernuclear fragment can be formed by
known failure of SW3) chiral perturbation theory has been £~ capture on a nucleus. The FINUDA experiment at
the prediction[1] of the four PCP-wave amplitudes in the DA®NE (Frascati, Italy can produce doublé- hypernuclei
weak nonleptonic decays of octet baryols;> N7, with Y by stopping slowK™ (coming from the® decay into thin
=A, X, or 2. Since large cancellations among tree-leveltargets to obtain data with higher energy resolution. Studying
amplitudes are held responsible for the problem with thehe weak decay of those objects opens the door to a number
weak P-wave octet amplitudes, it is imperative to asses®f new exoticA-induced decay modesk A —An and AA
whether this situation is universal within &) chiral pertur- —XN. Both of these decays would involve hyperons in the
bation theory §{PT) or limited to a few exceptional cases. final state and should be distinguishable from the ordinary
However, other weak octet baryon-baryon-mes&@B M) AN—NN mode. TheAA— An channel is especially in-
vertices can only be accessed through reactions that allow fariguing since the dominant pion exchange is forbidden, thus
the virtual exchange of mesons, such as the reactidNs forcing this reaction to occur mostly through kaon exchange.
—NN and AA—A(2)N. The processs\N—NN has been One would therefore gain access to the weakK and
extensively studied in an approach where the long-range patt %K vertices.
of this interaction is based on the exchange of thg3%U In this paper, we extend previous weak decay calculations
pseudoscalar meson octet, K, and 7). The pseudoscalar of singleA hypernuclei into theS= —2 sector, thus explor-
baryon-baryon-meson vertices are considered fixed by exng the power of theAA— A(2)N process to shed light on
periment in the case of the pion, and by S)Jchiral algebra  the novel weak vertices. In order to take into account the
for the K and the#. Since the large momentum transfer in effects of the strong interaction between the baryons, corre-
the reaction(typically 400 MeVk) leads to a mechanism lated wave functions are obtained fromGamatrix calcula-
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tion for the initial AN andAA states, while &-matrix equa- In order to draw conclusions regarding the weak dynam-
tion is solved for the finaNN and YN states using the ICS, one has to write the hypernuclear transition amplitude,

Nijmegen interaction modelL3], in particular the NSC97f Mi—f, in terms of the elementary two-body transitions,
one. B;B,— B3By4, and nuclear structure details have to be treated

with as few approximations and ambiguities as possible. We

work in a shell-model framework; hence thehyperons and

the nucleons are described by single-particle orbitals. In ad-
In the weak nonmesonic decay of doutleaypernuclei, dition, we assume a weak coupling scheme by virtue of

new hyperon-induced mechanisms, thet —AN and the which theA hyperons couple only to the ground state of the

AA—3N transitions(denoted as\ A— Y N throughout the nuclear core. Therefore, in the case of thgHe hyper-

text) become possible in addition to the dominafiN nucleus studied here, with quantum numbérsM,;=0,

— NN decay mode. Assuming the initial hypernucleus to beT,= M+,=0, the state will be given by

at rest, the nonmesonic dec@yMD) rate is given by IﬁAHeﬁ';TA'{fo: |AA>%:;|\’\//||¢\_ZOO®|4He>ii;m?_£0’ )

Il. DECAY RATE

dk; [ d3k, ) )
an:f J 2 (2m)6(My—Egr—E{—E,) where antisymmetry forces the twb hyperons to be in a

(2m)*) (2m)? {Mll}{{ﬁ 15, state, since they are assumed to be in the lowssell
1 before the decay occurs. This is so because, in general, hy-
T M. L2 pernuclei withA’s in excited orbitals will rapidly decay into
X | Ml () . :
(23+1) the ground state through electromagnetic or strong deexcita-

where the quantitiedl,,, Egr, E; andE, are the mass of tion processes, which are orders of magnitude faster than
the hypernucleus, the energy of the residuat-(2)-particle tho_se mediated by the weak interaction. The s_lngle-_pamcle
system, and the total asymptotic energies of the emitte@rbitals for nucleons and’s are taken as harmonic oscillator

baryons, respectively. The integration variablgsand k, ~ States with parametety =1.4 fm andb,=1.6 fm, respec-

stand for the momenta of the two baryons in the final stateﬂvely' The nucleon parameter is chosen to account -for the
He form factor. The parameter for th& wave function

In the expression above, the momentum-conserving delta d he 1 FodHE bability of finding th
function has been used to integrate over the momentum JgProduces the Hartree-FotKF) probability of finding the

the residual nucleus. The sum, together with the factofVO A particles atrelative distancgobtained in Ref{17] by

1/(23+1), indicates an average over the initial hypernucleudlusting their model parameters to the binding energies of
- ) the three observed double-hypernuclei,§ ,He, 1B, and

spin projectionsM,;, and a sum over all quantum numbers 13 yp TAATTES AAD:

of the residual A—2)-particle system{R}, as well as the AnB [6_19]- . _

spin and isospin projections of the emitted particlds,and To obtain the rate corresponding to th&N—NN transi-

{2}. The total nonmesonic decay rate can be written as  tion, with the initialN beingn(ty= —1/2) orp(ty=1/2), we
have to write the nonstrange nuclear core as one nucleon

Tom=Tant Ty 2) coupled to a three-particle systefwith quantum numbers
J3, M3, T3, andM+t)) and decouple one of the twA's in
where the rate corresponding AdN— NN transitions the cluster. Therefore, the initidlN pair will convert into a

final NN pair with quantum numberﬁlsltl and Izzsztz,
leaving a residual four-particle system with quantum num-
bersJR,MR,TR,MTR. Performing all the necessary decou-

FNN:FH+FD’ (3)

is divided into a neutron-induced ratE,,: An—nn and a , i , i )
proton-induced onel’y: Ap—np, while the A-induced pling and recoupling operations, we finally arrive at
transitionsAA— Y N give rise toAn, 3°n, and> ~p final
states; hence

. . JoMe A
MANHNN:<lelt1akZSZtZ;XATiMF: [0 AHE) |5 —3)a
R

FYN:I‘AH—’—FEOH—’—FE*p' (4)

:é Z > 2 (TMql3ty,5t,)
Note that while the individual rates have been written ™ So
above as exclusive observables, in principle, charge- SUTM-l2 =2 2t N(T-M~ 2t T.=0M~ =0
exchange final-state interaction&Sl) with the residual (TMrlz =2, 2t TeMr 2t Te =0
nucleus obscures a clean experimental discrimination of
these channels on the basis of the charge of the emitted par-
ticles. Monte Carlo intranuclear cascade models are neces- 1 1o 1
. X{(z3(my—Mg ), JsM3|IgMR){SMg|5S1,5S

sary[14] to extract the partial weak decay rates of hypernu- (2(My=Mg) M3 JrMR)(SMs|21,252)
clei from experimen{15]. The impossibility of measuring
the partial rates directly from the charge of the emitted par-
ticles was also shown in the case of the weak decay of the 1 . S CM
hypertriton[16], a system where the strong interaction ef- X (2(Mg,=mi), 2mMy|SoM s )(K[ W5
fects can be treated exactly using Fadeev equations with a - A el

realistic baryon-baryon potential. X (k,SMs, TM<|O[ Wiy ’SOMSo’TMT>’ 6)

X (J3sM3,3my|J;=0M;=0)

><<%(MSO_mN)a%(mN_ MSO)|JA=OMA=0>
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N(A,X) N(N) TABLE |. Pseudoscala(PS and vector(V) Hamiltonians en-
tering Eq.(8) (in units of Ggm2=2.21x10"7). ¥ (&) stands for
the baryon(meson field.

PS %
Strong igW ys bW T
’ ﬁgvv“+ig—a””qv A
B 2M
Weak iW(A+Bys) oW v
Vlay— BI =+ ey ys | p¥

A(A) N(A)

FIG. 1. Feynman diagram for the weakN—NN and AA

YN (SN or An interaction. Where\I’p(x)=e‘ipXu(p) is the free baryon field of positive

energy,I’; the Dirac operator characteristic of the baryon-
where Ta=1/2, My.=—ty, Js=1/2, Ms=—my, M1 baryon-meson BBM) vertex and Ay(x—y) the meson

3 R propagator.
=t Mg=—Mg, Ms=s1+5;, and Mr=ty—1/2=t, In Table | we show the strong and weak Hamiltonians for
+1,. We have assumed theat the weak vertex to behave as pseudoscalatPS and vector(V) mesons. The constants
a|3—3) isospurion in order to naturally incorporate the ex-B, @, B, and e correspond to the weak couplings, while
perimentally observed| =1/2 rule. The momentum states g (g",g") represents the stror{gector, tensarone.

|21 and '22 have been transformed to tota{(=k1+k2) and The nonrelativistic reduction of this amplitude gives us
reIative[IZ=(I21—I22)/2] momenta and the final two-nucleon the potential in momentum spaf®|, which for pseudoscalar

= ) ] mesons reads
state, (k,SMg, TM+|, must be properly antisymmetrized,

which means that the factgd—(—1)-*57T]/{2 will ap- B Gy
pear when a decomposition in partial waves is performed for Vps(a)z —Ggm? A+ (}1.5) 2 . (9
the outgoing plane wave. 2M, 2My g2+ pu?

For the AA—Y N transition we do not need to decouple
one of the hyperons from the cluster, neither a nucleon frOfT\‘NhereGFm =221x10" 7 is the Fermi weak constarm is
the core. The residual four-particle system, which coincideshe momentum carried by the meson directed towards the
with the AHe core in Eq(5), contains no strangeness, while strong vertex, the meson mass, ad, (M;) is the aver-
the final two-particle state contains one hyperon that can bage of the baryon masses at the stréwgak vertex. For

either aA (]Yt,)=|00)), a 3~ (|Yty)=[1—1)), or a vector mesons the potential reads
30 (]Yty)=|10)). The AA—YN hypernuclear amplitude

s given by . . (@tp)gYre) .ol
. VU(Q)ZGFmi(QVa—W(01><C1)(Uz><Q)
Mpapr—ynN= <stNthkYSYtYa HelO|S AHe) 3 — 3)a 2
A e(gV+g") 1
:SEM (3Sn,3SvISMg) Bty Y ty| TM (K| WY - 2M, (02X 0)q Gt 2 (10
Mg

| A A A A -
X(k,SMg, TM+|O| W'} ,SM sy ToM1). (7)) In Egs.(9) and(10) the operatord, B, «, 3, ande contain,
apart from the weak coupling constants, the specific isospin
dependence of the potential, which;i§;-2 for the isovector
m andp mesons, Ifor the isoscalar andw mesons, and a
lll. THE MESON-EXCHANGE POTENTIAL combination of both operators for the isodoulteand K* .

In a meson-exchange description, theN—NN and Referencd3] mtroduces a compact way to write the tran-
AA—YN transitions are assumed to proceed via the exSition potential inr space:
change of virtual mesons belonging to the ground-state pseu-
doscalar and vector meson octets. The amplitude, which is > ()7 — M
schematically represented by the Feynman diagram depicted v(r) EI 2 Ve'() EI ; Ve (r
in Fig. 1, reads

whereSy= MS—O T=Ty=1/2, andM = My =— 1/2.

)0,(NTY, (1)

where the index runs over the different mesons exchanged
MM:f d“xd“y\I_fp OOT 1%, () A(X—Y) (i=1,.. ..,6represent37,n,K,p,w,.K*') anda over the dif-
8 1 ferent spin operators: central spin independ@)t central

— spin dependentSS, tensor(T), and parity violating(PV)
XWp, (Y)W (Y), ® (spee Tagle ] P ’
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TABLE Il. Possible 25"1L; channels present in the weak decay ofHe. The notation used is the
following: L, stands for the relative orbital momentum for the initteh or AN pair, L’ for the relative
angular momentum of the two-particle state right after the weak transition occurd, fordthe relative
angular momentum of the final two-particle state after including the effects of the strong inter@&sipn
The symbols C, T, and PV stand for central, tensor, and parity violating.

Ap—np An—nn AA—YN
L, L’ L L, L’ L L, L’ L

C lSO . lSO _ 1SO 1SO _ lSO _ 1SO lSO . 1SO _ lSO
351 N 351 N 381, 3D1

T 331 - 3Dl - 3D1: 3S1
PV 5y — %Py — P, 55— Pp— P, 1S5 — Py — 3P
’s, — Py — Py
’s, — Py — °Py ’s, — Py — °Py
i C (only for vector that the cutoff for the pion form factor may appear rather
large; however, Refl19] discusses how, within the frame-
mesong work of a particular model, therNN cutoff can be as large
010, SS, as 2 GeV if the meson-exchange contributions included are

N R not correlated.
0,(r= SiAr)=30iror —oi0, T, To incorporate the effects of the strong baryon-baryon
(BB) interaction we solve d-matrix scattering equation in
momentum space for the outgoing two-particle systéN (
mesong or YN). For the initial two-particle systemA(N or AA) we
[61X 0]F PV (vector mesons take into account medium effects, thus intermediate states
only propagate into states allowed by the Pauli opera®r (
matrix). For the initial interactingAN pair we previously
In order to account for the finite size and structure of thefound [20] that multiplying the independent two-particle
particles involved in the process, form factgf$='s) are in-  wave function by a spin-independent correlation function of
cluded. In our previous calculations of the decay of single- the type
hypernuclei [3] we used a monopole FFE(g?)=(A2
— u?)I(A?+q?), at both the weak and strong vertices, with f(r)=(1—e 3%+ pr2e 17/’ (12)
different cutoffs depending on the exchanged mesbn,
Those cutoffs were taken from theligh YN interaction v o_ g5 fm, b=0.25 fm 2, ¢c=1.28 fm, n=2, pro-
model [%8]' 'The latest versmnlof the Nijmegen pOtent'alsﬁduced a correlated wave function which averaged the ones
[13], which is used herez also gives meson-dependent cuto Gbtained from a microscopic finite-nucle@matrix calcu-
but uses an exponential FF at each vertex of the tyPgyion [21] using the soft-core and hard-core Nijmegen mod-
F(g?)=exp(—q%2Af). Therefore, the results presented els[22]. In the case of the interactingA system, we again
here are also obtained with the exponential-type FF, alassume a correlation function of the type of Ef2). The
though, for technical reasons, it is matched to a function oharametersa=0.80 fm, b=0.12 fm 2, c=1.28 fm, and
the type 7\?/(7\?+52) at |G|:4OO MeVic, the most rel- n=1, are determined to reproduce the ratio between the cor-
evant momentum transfer in the weak decay transition. Byelated and uncorrelatetS, AA wave functions in nuclear
construction, this type of monopole FF is equivalent to thematter at saturation densitylflso(k,r)/jo(kr), taking k
exponential one afj=0 and we have verified that, up to a =100 MeV/c as a representative momentum of the s
momentum transfer of 600 Me¥Above which the transition in a finite nucleus. The nuclear-matter correlated wave func-
amplitude is negligible, the differences between both function, W15 (k,r), has been obtained from a coupled-channel
tions are less than 2%. The modifiedtoffs AA;, to be used G-matrix calculation using the NSC97f model of the new
in the monopole-type FF are listed in Table Ill. We point out Nijmegen potentials. In Fig. 2, we show the probability per
unit length of finding twoA particles at a distance given
TABLE IlI. Cutoff values(in MeV) used in the present calcula- by 477r2|\lf;$/|\|2, The solid line corresponds to the uncorre-
tion for a FF of the typeA?/(A?+q?), which matches the lated twoA wave function, which in this work is given by

- A

ioof PV (pseudoscalar

exponential-type FF used in R¢fL3]. the 1s harmonic oscillator wave function with the parameter
N b,e=2b, . The dashed line incorporates the calculated cor-
™ 7 K P ® K relation function, %15 (k,r)/jo(kr), & result that is well pa-

1750 1750 1789 1232 1310 1649 rametrized by a phenomenological correlation function of the
form of Eq.(12), as shown by the dotted line.
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0.6 ‘ , . TABLE IV. Parity conserving(PC) and parity violating(PV)
weak coupling constants for the decay3gfHe. The numbers are in
units of Gpmi=2.21>< 10~7. The NSC97f[13] model has been
used for the strong sector.

. 04+t
= PV (S wave PC (P wave
5 Anz® —-1.05 7.15
S oo Apm~ 1.48 -10.11
Ang 1.80 —-11.90
pnK™* 0.76 —23.70
ppK° 2.09 8.33
0 nnkK° 2.85 —15.37
¢ fim] AAKO 0.67 12.72
AZOKO 0.39 5.95
FIG. 2. Probability per unit length of finding twa’s at a rela- AZTKT —0.55 —8.42
tive distancer. Anp® -1.09 (V) 3.29
(T) 6.74
As mentioned before, the strong BBM couplings are taken App~ 1.54 (V) —4.65
from the NSC97{13] potential. In the weak sector only the (T) —9.53
couplings corresponding to decays involving pions are ex- Anw -1.33 (V) —0.17
perimentally known. The weak couplings for heavy mesons (T) —7.43
are obtained following Ref42,23]. The PV amplitudes for ppK*© 0.60 (V) —5.46
the nonleptonic decayB—B’+ M involving pseudoscalar (T) 6.23
mesons are derived using the soft-meson reduction theorem g+ —4.48 (V) —4.02
and SU3) symmetry. This allows us to relate the physical (T) —19.54
amplitudes of the nonleptonic hyperon decays into a pion nnK*o _388 (V) —9.48
plus a nucleonB— B’ + 7, with the unphysical amplitudes (T) —13.31
involving other members of the meson and baryon octets. On AAK*O 138 (V) —1.34
the other hand, SU(§) permits relating the amplitudes in- (T) 11.20
volving pseudoscalar mesons with those for vector mesons. OL %0 .
. . . AZPK 0.63 (V) —3.90
The weak PC coupling constants are obtained using a pole (T) 4.45
mpdel, where the pole terms due_ to the) { ground state AS K —0.88 V) 5:51
(singular in the SB) soft meson limit are assumed to be (T) —6.30

the dominant contribution. No meson pole terms are in-

cluded. The values of these couplings for the weak vertices
are listed in Table IV. related AA— 2N rates. Finally, we note that the nucleon-

induced rate is about 20 times larger than the total hyperon-
induced contribution.

When FF’'s and strong correlations in the initial and final

The results for the decay rates Bf He into the different ~ States are included, the picture changes considerably, as can
channels are summarized in Tables V, VI, and VII, where thd?¢ seen from the results shown in Table VI. Most of the
rate is presented in units of the frek decay,I'y,=3.8 AN—NN rate comes from the exchange of theand K
x10® s 1. Apart from giving the various partial rates, the mesons. Note that the smdll,/I', ratio for the one-pion
ratio between the neutron-induced and proton-induced dece§change mechanism substantially increases when the
rates,I", /T, is also quoted. Onl| =1/2 transitions have K-meson is incorporated due to a destructigenstructive
been considered. interference in thg@-induced @-induced rate. This aspect is

We begin by discussing the results of Table V, which listdiscussed recently in Refd], which updates the meson-
calculations absent of either strong correlatigimitial and ~ €xchange model of Reff3] and finds agreements with results
final) and FF’s. Although the results are clearly unrealistic,obtained by groups combining the and K exchange with
they serve to illustrate, in comparison with Table VI, the €ither a direct quark mechanisfb] or 2 exchange[24].
effect of the strong interaction on the weak decay process>ince there are now twad particles contributing to thé.N
The AN—NN transitions receive contributions mainly from — NN decay, one would expect the result to be roughly twice
the 7, p, K, and K* mesons; however, once short-rangethe rate iniHe, which for this potential turns out to be
strong correlations are includgdee Table V), the role of 0.3, as shown in Ref[4]. We obtain instead a signifi-
the heavier mesons is strongly reduced. The results in Tabkantly larger value off'yy=0.96", . This finding can be
V illustrate that isospin symmetry forbids isovector mesontraced to the\ that is more strongly bound ify \He than it
contributions, r,p), for the uncorrelated\A— An decay isin iHe by about 80%i.e., theA single-particle separation
rate and isoscalar meson contributiofgw), for the uncor-  energy changes from 3.12 MeV to around 5 MeWhis

IV. RESULTS
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TABLE V. Individual and combined meson-exchange contributions to the nonmesonic weak decay of
¢ \He in absence of either strong correlations and FF. The nonmesonic decay rate is in Uhits &8
x10° s~ 1. The NSC97113] strong coupling constants have been used.

LIFNIY T an sy FyntTyn
Meson | R, TChp r,/r, Ison s-p
T 0.40 2.08 0.19 —-— 2.1x10°%2 4.2x10°2 2.54
K 0.67 1.14 058 35102 23x10° 46x10° 1.85
7 35x102 30x102 118 2.0x10° —-— -— 6.6 X102
p 0.30 0.70 0.42 -— 22x10°% 45x10°3 1.00
K* 3.46 2.31 150 16102 3.8%x102%2 7.7x10°2 5.90
) 86x102 6.6x102 131 6.8x10° -— -— 0.16
m+K 0.96 1.09 0.88 35102 18x102 35x107? 2.13
T+K+ 7 1.19 1.06 112 26&102 1.8x102 35x10°? 2.34
all 2.45 4.29 0.57 0.10 9.610°? 0.18 7.12

increased binding is reflected in the single-particle wave We find the ratd”, ,, to be dominated by exchange. We

function, with a harmonic oscillator parametef=1.6 fm  note that ther+ K contribution is very similar to the value
instead of the valueb,=1.87 fm used in the decay of for K exchange alone; adding themeson decreases the rate
singleA hypernuclei[3,4]. As mentioned in Sec. I, the pa- by 35%. However, there is strong evidence that we are over-
rameterb,=1.6 fm simulates the uncorrelateiA prob-  estimating the role of they meson by using strongNN and
ability of Ref.[17], which reproduces the binding energy of ;A A couplings that rely on S(8) symmetry. All indications
the three observed doublehypernuclei. There is also some from a careful analysis of reactions like photoproduction
influence from the slightly different kinematics involved in [25] point towards azNN coupling much smaller than the
the AN— NN decay of$ , He with respect to that i} He. one provided by S(8) symmetry. In this case, the weak
From the results presented in Table VI, we observe tha&ecay of doubler hypernuclei going to finalAn states
the AA— An rate receives a t!ny contribution from the is- would be almost solely determined Iy exchange and the
OVGCtOWWi‘deP Srtrgoengons. This is due to the combined tran- e 5 ,rement of this decay channel would provide valuable
sition AA — XN — AN, which is possible through the cou- information on the wealk AK couplings. In particular, since
pling betweenAN and XN states induced by the strong this partial rate is dominated by PC transitions, as can be
interaction. Analogously, the stronyN-3N coupling also inferred from the values of th& AK® weak couplings listed
induces very small contributions from the isoscalar meson# Table 1V, one would gain access to the RQAK® ampli-
to the3N rate,I'sy . tude. The rate to findk N states['sy, on the other hand, is

TABLE VI. Individual and combined meson-exchange contributions to the nonmesonic weak decay of
€ \He. Strong correlationénitial and fina) and FF are included. The nonmesonic decay rate is in units of
I',=3.8x10° s . The NSC97113] strong interaction model has been used. The values between parenthe-
ses have been obtained using the weak kaon couplings from [R&f82.

Inn [an sy FyntTyn
Meson | R, Thp r,/r, Ison Is—p
T 9.9 X102 1.09 9.1x10%2 13x10* 18x10°% 3.7x10°3 1.19
K 8.2 x107? 0.47 0.17 2.7x107%2 3.1x107* 6.1x10¢ 0.58
(5.3x10°?) (0.1 (050 (1.3%x10?) (1.7x10°% (3.4x10°% (0.19
7 39x10% 76x10°° 0.51 1.1x10°% 25x107 5.1x107 1.3x102
p 7.4%x10°% 25x10°7? 0.30 47x10% 20x10°% 4.0x10°% 3.2x10°7?
K* 3.8x10°% 25x10°? 0.15 48x10°% 7.3x10°% 15x10% 3.4x102
® 1.1x10°% 0.95%x10°° 0.12 7.2x10°° 25x10® 50x10° 21x10°
7+K 0.24 0.48 0.50 2661072 1.4x10% 29x10°3 0.75
(0.20) (0.82 (0259 (1.3x107%) (2.2x10°%) (44x107°%)  (1.09
T+K+ 7 0.27 0.44 0.61 1.xK10% 1.4x10°% 2.8x10° 0.73
(0.29 0.73 (033 (6.6%x10% (21x10%) (43x10°%  (0.99
All 0.30 0.66 0.46 3.6x10°2 13x10°% 26x10°° 1.00
(0.25 (1.13 (023 (1.9%X10? (1.7x10°% (3.4x10°% (1.4
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TABLE VII. Decay rate of § ,He in units of 'y =3.8x10° s ! for different approaches to FSI. All
mesons are included in the calculation.

I'un Ian sy FyntTyn
| . Thp r,/r, T'so, Is-p
NO FSI 0.69 1.21 0.57 2.%10°° 1.4 x10°? 2.8 X102 1.94
FSI eff. 073 1.27 0.58 44107  1.1x102 22x10°2 2.04
T matrix 0.30 0.66 0.46 3.610°2 1.3x10°3 2.6x1073 1.00

very small and, as expected, dominated by thexchange  proton ratio by 26% fofS He and 15% forl2C, while the PV
mechanism. asymmetry remains practically unchanged. As in R&f.we
The ratios between the rates that include correlations arggain find that in order to be able to extract information on
the weak decay amplitudes a careful treatment of FSI is es-
M. M h2246'9'1 sential in the study of the weak decay of doulAldrwypernu-
Fyn ' Tsn Ten B clei. On the other hand, we have also studied the sensitivity
of our results to therNN cutoff, listed in Table Ill. Lower-

Correlations have a stronger influence on th¢ dhannels, ing the cutoff from 1700 MeV down to 1300 MeV we find
which are a factor 30—-300 smaller compared toM#¢rate,  that, once the strong initial- and final-state interactions are

even though thexN transition allows a final state with a included, our results change by less than 10%.

lower relative momentum and therefore is less sensitive t0 e finally compare our results with the ones presented
the strongly. repulsjve core of théN interg-ction. However, recently by Itonagat al.[28], where the weak decay mecha-
theNN rate is dominated by tensor transitions that are abseriism containsm and p and correlated two-pion exchange
in the YN channels because the interactifid. pair is in a  with scalar (o) and vector(p) quantum numbers. Thé

15, state. With the tensor strength distributed towards largejyave function in% ,He was taken the same as in th&ire
distances compared to those for central and parity-violatinggjculation [29], thus neglecting the possible effect of a
tl’anSitions, theNN transition becomes Comparatively less Stronger b|nd|ng of theA in a doubleA hypernuc'eus_
affected by strong correlations than thié\ ones. Note that Hence, the nucleon-induced rate obtained in R28] is
correlations tend to increase theN rate while decreasing  \=0.753", , equal to twice their decay rate fHe. This
thexN rate. The reason 1 that the unsorrela_ﬂelci rate Is  rate is about 20% smaller than the one obtained here. The
@mmated byn andK* exchanges, th&* contribution be-  (ates forAn and SN final states]",,=0.029", andI'sy

ing about twice that of ther meson, whereas th&N rate -0 0010, , are about a factor of 2 smaller than the ones
comes mainly from strange meson exchfmge, wittktloen-  obtained in this work. We note that thie\ correlation func-
tribution twice as large as that of the*. Therefore, the  tion ysed in Ref[28] is in fact the'S, AN one used in their
supression of short-range physics induced by cprrelapo_ns ag‘tudy of the decay oiHe. We also note that tHé-exchange
fects theN rate more than thelN one. In addition, it is  mechanism, dominant in theA— An transition amplitude,
known[26,27] that theX N interaction for the new Nijmegen is absent in the work of Ref28].

potentials is quite repulsi_ve .in tHe=1/2 ghannel, affecting In Ref. [3], we explored S(B) symmetry breaking effects

the XN wave functions significantly, which are pushed outj, ihe decay of singlex hypernuclei by using weakiNK

from the weak potential interaction range. couplings derived in the framework of heavy baryon chiral
The results for various approaches to the treatment of Fséerturbation theory30], where one-loop S(@3) corrections

are compared in Table VII. Those labeled with “FSI eff.” {4 |eading order were evaluated. Here we explore similar
have been obtained by multiplying the frééN, AN, and  effects not only for theNNK but also for theAAK and

2N final states by the momentum and channel independery s k couplings, which were calculated in Ref81,37. In

. . . _ 71 .
function 1—jo(qcr), with ;=3.93 fm = As recently dis-  Tapje VIl we list the values for the weak P\&fwave and
cussed in Ref4], treating FSI in this simplified phenomeno-

logical fashion overestimates the rdigy calculated rigor-
ously with aT matrix by about a factor of 2. The ratg,,
obtained with the phenomenological FSI treatment is almo
one order of magnitude smaller compared with the result

TABLE VIIl. xPT one-loop correctetINK, AAK, and A K
S%ouplings. Values taken from Ref31,32.

. S . . Swave P wave

obtained within aT-matrix approach, while on the other

hand, the ratd’yy is overpredicted by almost an order of pnkK™* (0.32+0.24) (—10.41+1.61)
magnitude. In the same reference, one compares the effegpk® (2.32£0.22) (3.472.23)
of using different versions of the NSC97 potentials in thennk® (2.64=0.25) (—6.94x2.23)
decay observables. One of the results of that work is thag Ak° (0.78+0.20) (8.69-2.21)
working consistently within the NSC97a or the NSC97f po- A 30k© (0.53+0.12) (—0.58+1.83)
tential models, the decay rate changes #25% (study As-k+ (—0.75+0.17) (0.82-2.59)

made for two hypernucleR He and }°C), the neutron-to-
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TABLE IX. Partial weak decay rates fd},He (in units of 'y the results obtained with the tree-le\@BK couplings have
=3.8x10° s7). also been included to facilitate the comparison between both
calculations. The results summarized in Table IX show
clearly that the inclusion of weak BBK couplings obtained

NSCO7f NSC97f+ one-loop corrections

An—nn 0.30 0.25- 15% with one-loop corrections to the leading orderx®T pro-
Ap—np 0.66 1.13- 15% duces aAN— NN rate 40% larger than the tree-level value,
AN—NN 0.96 1.38- 15% aratiol’,/T", twice smaller, aA A — An rate roughly twice
r,/T, 0.46 0.23- 20% smaller, and aA A— >N rate 30% larger. We acknowledge
AA—An 3.6x 1072 1.9X 10" 2+50% that, since at the present timdT has little predictive power
AA—3S%n 1.3X10°3 1.7X 10°3+20% for weak meson-baryon-baryon couplings, these compari-
AA—3p 2.6x10°3 3.4X 10 3+20% sons serve to demonstrate that the nonmesonic weak decay
AA—YN 4.0x 1072 2.4X 102+ 20% mode is indeed suitable for the extraction of these weak ver-
tices.

PC (P-wave couplings involving the kaon. Compared to the
ones quoted in Refl3], the numbers in Table VIII differ V. CONCLUSIONS
since they were obtained using a common mass splitting of
200 MeV between the octet and decuplet baryi@is32.
Comparing the values listed in Table VIII with those in
Table IV we observe that the one-loop correctidiNK

In this study we investigated the nonmesonic weak decay
modes of doublex hypernuclei within a one-meson-
exchange framework. Our results are given for the specific

P-wave constants are approximately a factor of 2 smalleF’OUbleA hypernucleusiAHe, but can easily be extended to

than the tree level ones, while tiwave are very similar, N€avier systems. _
except for thepnK* coupling, which, again, is half the tree- The standard nucleon-induced nonmesadnid— NN rate
level value. This explains the reduckeexchange contribu- is found to be more than twice as large as}ide due to the
tion to the nucleon-induced rates with respect to the treeincreased binding of the second hyperon. Two new
level result. Note that the magnitude of theonstructivé  hyperon-induced modes become possible\ —An and
interference betweenr and K in the nn channel has not AA—XN, the latter coming in two charge states. We find
changed much, while it has become less destructive inthe the total hyperon-induced rate to be as large as 4% of the
channel, thereby producing a smallég/I", ratio. Once all  total nonmesonic rate. This new rate is dominated by the
the mesons are included, thEN rate obtained with the one- A A— An mode. In fact, this transition turns out to be the
loop correctedNNK couplings is a factor of 1.4 larger than more interesting onérather than the\ A—3N) since it al-
that obtained with the tree-level values, while the ratiojows direct access to exotic vertices likeAK, unencum-
I'n/T' is smaller by a factor of 2. bered by the usually dominant pion exchange. Indeed, one-
Although the one-loop correctetAK couplings of Table |50 |og-correcteq(PT results modify the\ A — An by 50%
VIII are not much different from the corresponding tree-level\yhije changing the\N— NN only at the 15% level, demon-
values, they lead to a reduction of themeson exchange grating the power of this weak mechanism to 48T in the
contribution to theA n rate by about a factor of 2. Hence, the |\ ook SU3) sector. With a freeA in the final state this new
contribution of thes meson and the vector mesons becomesyoge should be distinguishable from the usual nucleon-
more relevant, making the extraction of the\K coupling  jnqyced decay channels. Given the potential benefits to had-
from this AA— An decay mode more difficult. ronic physics, the experimental program of investigating the

~ The decay rate into findkN states is the only one that proquction and decay of double-hypernuclei should be in-
increases when the one-loop correcteB K couplings are  tgnsified.

used, despite the magnitude of thevave amplitudes being
ten times smaller than the corresponding tree-level values,
whereas theswave amplitudes are only moderately larger.
In fact, Table VI reveals that thi€-exchange contribution to
the 2N rate is two times smaller than that obtained with the  The authors would like to thank Christoph Hanhart, Barry
tree-level AZK couplings, as expected from the reducedR. Holstein, Jugen Schaffner-Bielich, Roxanne P. Springer,
magnitude of the couplings. However, due to the oppositand Isaac Vidaa for their input and comments on different
sign of the loop-correcte®-wave coupling with respect to aspects of the present paper, regarding both the strong and
the corresponding tree-level value, the interference betweeweak baryon-baryon interaction. One of the authors, A.P.,
the 7 and K contributions is now constructive instead of would like to thank the Institute for Nuclear Theory and the
destructive, which explains the final increased loop-correctetniversity of Washingtor(Seattl¢ where an important part
rate. of this work was developed. This work has been partially
Finally, we have investigated how our results would supported by the U.S. Department of Energy under Grant
change if we allowed the one-loop correc@BK couplings  Nos. DE-FG03-00-ER41132 and DE-FG02-95ER-40907, by
to vary within their estimated error bands. The correspondinghe DGICYT (Spain under Contract No. PB98-1247, and by
range of variation on the rates is quoted in Table IX, wherehe Generalitat de Catalunya Project No. SGR2000-24.
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APPENDIX
1. Weak PC couplings

In this subsection we present the expression for the PC TP,
weak coupling constants derived by using a pole m¢agl
with only baryon poles. n—w, (A11)
For 7w exchange,
K—K*.
A A 0\ — 0 A + A EO 0
(A,n77)=g(n,nm )mA 9( )m mzo' 2. Weak PV couplings
(A1) SU(3) allows us to obtain the weak PV couplings involv-
ing two baryons and one pseudoscalatz,K) meson. In
o As+p order to obtain the corresponding constants for vector me-
A(Apr)=g(n,pm) +9(A XrwT)—— sons we use S@),,. Here, we quote the results for all the
m(2A+2) couplings that appear in theN—NN and AN— Y N chan-
nels:
For 7 exchange, (A,PT ) e=A% =3.25¢1077, (A12)
A7) =9(nn7) =+ g(AA ) mA- (X7,p70)ep=2g = —327x1077,  (A13)
(A3)
(A,n7%)=— iA° (A14)
For K exchange, ' N
1
A(n,nK%)=g(n,AK®)—2" 4 g(n,30KO)——=" (Anp®)=3(-2A%+3%g —\3ap),  (AL5)
m mp— Mso
(A4)
- 1 /2 0 +
R (App7)=3\3(2V3A% =355 -3ay), (A16)
A(p,pK9)=g(p,3 T KO)——L— (A5)
mp—m2+ 3
(Any)=1\/5A2, (A17)
A(p,nK*)=g(p,2K* — +9(p,AK") 1
My — Mo Mn mA (Anw)=35—-a (A18)
(A6) -3
Axn Azoy \ﬁ 1
A, AK%=g(n,AK® +9(A,E%K° O)=— y[2A0— 5+
A( ’ ) g(nr )m -m, g( ’ ) A mg! (nanK ) 2A7 \/520 ’ (Alg)
(A7)
(p,pK®)=—257, (A20)
O O O O An
A(A, 2K =g(n,%°K )m —m’ (A8) . \FAOJr 1 . o1
(p,nK™)= - E 0 (A21)
N
A(A2Z"KT)=g(n,2 K )m —m' (A9) i 5
(n,nK* )=—\/—A°——20 gar (A22)
To compute the former amplitudes, we use the following
values for the weak transitions at the baryon lidgg : . B
(p,pK* ):_§Eo+§aT1 (A23)
Apn=An=—4.32X10"° MeV,
_ + 1
Ason=—Asn=4.35¢10 ° MeV, (PnK* )= —3A%+ 237+ (A24)
Az0y=Az,=5.93X10"° MeV, (A10)
(A,AK®)= 1\FA° > DI (A25)
Ag+p=1\2Asy=—6.15<10"° MeV. ’ 2NV2°7 227
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For the vectolp, o, andK* mesons one has to make the
following replacements in Eq$A1)—(A9):
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(A,30K%)=— ——_A° 1\F2* (A26) G =0 AT ZIRIAT) ZR A

’ V2 o =g(A, 37 )=g(A,3%70) =g(A,3 " 7"),
(A,E‘K+)=%A°+\/7§E§, (A27) (A32)

0 5\/§ 0 1 + + 0 - KO
(A, AK* )=—TA7—§EO, (A28) Inak=09(p, AKT)=g(n,AK")=g(A,pK™)=g(A,nK"),
(A33)

(A,30k*") = A°+% 3_ . (A29)
Insk=0(p,2°K*)=—g(n,2K% =g(=° pK")
(A,E‘K*+)=—LAQ—EE§+iaV. 1
32~ 6" 36 =—g(2%nK%)=—"—=g(p,3 K%)= — g(n,zfm
(A30) 2° V2

If we desire only theAl = 3 part of the above expressions, 1 B 1 + =0
as we do in the present work, the following replacements :ﬁg(E NK )=Eg(2 PK), (A34)
have to be madg33]: For theANp couplings,a,— 3ay and
a;—3ay. For theASK* couplings,a,— (ay—ar)/+/3 and

a —)—(a —a )/\/§ B
- 9azk=0(A,E°K%)=g(E%AK) = —g(A,E K")

3. Strong coupling constants =—g(E",AK"), (A35)
In this subsection we present the convention used for the
strong couplings.
Inny,=9(N,N7) =g(p,p7). (A36)

1
gNNWEg(p,pw°)=—g(n,nw°)=ﬁg(p,nw*)
For the vectorp, o, and K* mesons, the expressions are

=ig(n,p7-r‘), (A31) equivalent to the ones quoted above by making the replace-
J2 ments of Eq(A11).
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