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p-mesonic decay of the hypertriton
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Thep-mesonic decay of the hypertriton is calculated based on a hypertriton wave function and 3N scatter-
ing states, which are rigorous solutions of three-body Faddeev equations using realisticNN and hyperon-
nucleon interactions. The totalp-mesonic decay rate is found to be 101% of the freeL decay rate, which is
close to the experimental data. Together with the nonmesonic decay the total lifetime ofL

3 H is predicted to be
2.563 10210 sec which is 3% smaller than for the freeL particle. The differential decay rate is evaluated as
a function of the pion momentum. The decay into theN1d1p channel is stronger than in the 3N1p channel
in contrast to the situation for the nonmesonic decay. The ratio for the decay rate into3He 1 p2 to the decay
rate into all channels includingp2 is found to be 0.379, which is close to the experimental value. We visualize
the decay into the dominant channelp1d1p2 in a Dalitz plot. Finally we compare the polarization of the
outgoing proton in free unpolarizedL decay to the polarization of3He in unpolarizedL

3 H decay and we
compare the closely related asymmetry ofp2 emitted parallel and antiparallel with respect to the spin direction
for a polarizedL to the corresponding asymmetry for a polarizedL

3 H. @S0556-2813~98!01104-2#

PACS number~s!: 21.80.1a, 21.45.1v, 23.40.2s, 27.10.1h
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I. INTRODUCTION

The hypertriton, a bound state of a proton, a neutron,
a hyperon (L or S) is bound with respect to theL2d
threshold by 0.1360.05 MeV. We could reproduce that num
ber @1# by solving the Faddeev equations with realisticNN
forces and the Nijmegen hyperon-nucleon interaction@2#.
The hypertriton decays weakly into mesonic and nonmeso
channels. The nonmesonic decay channels areL

3 H→ d1n
and L

3 H→p1n1n. We investigated them recently using
realistic hypertriton wave function and realistic 3N con-
tinuum states and evaluating the weak-strong transitionLN
→NN by exchange of several mesons@3,4#. We included
p,h,K,r,v, andK* meson exchanges. They all contribu
significantly, but there is a strong interference, which lea
to a result close to the one generated by thep exchange only.
We found a total nonmesonic decay rate of 6.393107

sec21 @3,4#, which is 1.7% of the freeL-decay rate. These
decays are neutron or proton induced and we discussed
the corresponding total rates cannot be separated experi
tally. Under certain angular and energy restriction, they
be separated, however.

In the mesonic decay mode there are more chann

L
3 H→p2(p0)13He(3H), L

3 H→p2(p0)1d1p(n), and

L
3 H→p2(p0)1p1n1p(n). In contrast to heavier hyper
nuclei, where mesonic decays are Pauli blocked@5#, here in
the hypertriton they are by far the dominant ones. Exp
mentally@6# the lifetime of L

3 H ranges between~2.2011.02
20.53! 310210 sec to~2.6410.9220.54! 310210 sec. Fur-
ther there are experimental data on the branching r
R5G(L

3 H→p213He)/G(L
3 H→ all p2 meson modes! rang-

*Present address: Institut fu¨r Kernphysik, Fachbereich 5 der Tech
nischen Hochschule Darmstadt, D-64289 Darmstadt, Germany
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ing between 0.306 0.07 @6# and 0.396 0.07 @7#.
The mesonic decay rates have been calculated using

nomenologicalL
3 H and 3He wave functions by Dalitz@8#,

Leon @9#, and by Kolesnikov and Kopylov@10#, who used

L
3 H and 3He wave functions found from variational calcula
tions. More recently, again in a simple model the hypertrit
and its mesonic decay have been reconsidered by Cong
@11#. In view of the feasibility to perform rigorous three
body calculations for bound and continuum states based
modern baryon-baryon forces it appeared worthwhile
evaluate again the mesonic decay channels using these
ern technical tools. Also we hope that these renewed con
erations based on modern forces will stimulate experime
on the L

3 H decay modes.
In Sec. II we present our formalism. Our results a

shown in Sec. III. We summarize in Sec. IV. FreeL-decay
properties and technical details are deferred to the App
dixes.

II. FORMALISM

The six mesonic decay channels of the hypertriton are
independent from each other. According to the empiri
DI 5 1

2 rule, which can be realized by setting artificially theL

state to beuttz&5u 1
2

21
2 & in isospin and introducingtW at the

vertex for L→N1p the following ratios for decay rate
result @5#:

G~L
3 H→p213He!

G~L
3 H→p013H!

5
G~L

3 H→p21p1d!

G~L
3 H→p01n1d!

5
G~L

3 H→p21p1p1n!

G~L
3 H→p01n1n1p!

52. ~1!

Therefore we restrict ourselves to thep2 channels and in-
troduce the following notations:
1595 © 1998 The American Physical Society
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GHe[G~L
3 H→p213He!,

Gp1d[G~L
3 H→p21p1d!,

Gp1p1n[G~L
3 H→p21p1p1n!. ~2!

Then together with~1! we get the full mesonic decay rate:

G5
3

2
~GHe1Gp1d1Gp1p1n!. ~3!

In the total momentum zero frame the three differen
individual decay rates are

dGHe5
1

2 (
mmHe

zA3^CkWpkWHemHe

~2 ! uÔuC
L
3 H m& z2

3
dkWp

8p2vp
dkWHed~kWp1kWHe!

3dS M
L
3 H2M 3He2vp2

kWHe
2

6MN
D , ~4!

dGp1d5
1

2 (
mmpmd

zA3^CkWpkW pkWdmpmd

~2 ! uÔuC
L
3 H m& z2

3
dkWp

8p2vp
dkW pdkWdd~kWp1kW p1kWd!

3dS M
L
3 H2M p2Md2vp2

kW p
2

2MN
2

kWd
2

4MN
D ,

~5!

and

dGp1p1n5
1

2 (
mm1m2m3

zA3^CkWpkW1kW2kW3m1m2m3

~2 ! uÔuC
L
3 H m& z2

3
dkWp

8p2vp
dkW1dkW2dkW3d~kWp1kW11kW21kW3!

3dS M
L
3 H23MN2vp2

kW1
2

2MN
2

kW2
2

2MN
2

kW3
2

2MN
D .

~6!

Here C (2) are appropriate pion–three-nucleon scatter
states,Ô the vertex operator (L→p21p), C

L
3 H the hyper-

triton wave function, andvp5Amp
2 1kWp

2 . The scattering
statesC (2) are normalized tod functions with respect to the
asymptotic momenta of relative motions. The factorA3 re-
sults from antisymmetrization@12# with respect to the nucle
ons, which are treated as identical in the isopin formalis
Except for the choice of the relativistic energyvp of the
pion our calculation is nonrelativistic. The binding energiee
are defined as usual in terms of the nucleon (MN) and L
mass (ML):
l

g

.

M 3He53MN1e3He,

M
L
3 H52MN1ML1e

L
3 H ,

Md52MN1ed . ~7!

The individual momenta in~6! are connected to Jacobi mo
menta as

pW 5 1
2 ~kW12kW2!,

qW 5
2

3
„kW32 1

2 ~kW11kW2!…. ~8!

The momenta in~5! are a special case withkW35kW p and
kW11kW25kWd . In ~4! the Jacobi momenta for3He are like in
Eq. ~8!, but of course referring to the internal motion of3He.
For the hypertriton we use a representation based on
Jacobi momenta

pW 85
1

2
~kW182kW28!,

qW 85
2MNkW382ML~kW181kW28!

2MN1ML
. ~9!

Equations~4!–~6! refer to the total momentum zero fram
and thus the individual momenta for the hypertriton obey
coursekW181kW281kW3850. Further we selected particle 3 to b
the L particle.

The phase space factors are easily evaluated. The on
p2- 3He decay is

rHe[
1

8p2vp
E dkWpdkW 3Hed~kWp1kWHe!d

3S M
L
3 H2M 3He2vp2

kWHe
2

6MN
D

5
1

8p2

3MNkp

3MN1vp
dk̂p, ~10!

whereukWpu is kinematically fixed as

kp5ukWpu5
A~M

L
3 H
2

1M
3He

2
2mp

2 !224M
L
3 H
2

M
3He

2

2M
L
3 H

. ~11!

The numerical value ofukWpu given by this exact relativistic
expression agrees within 0.022% with the correspond
number obtained from a corresponding nonrelativistical f
mula. The ones forp1d1p2 andp1p1n1p2 decays for
fixed kWp are similar to the ones given in@3#.

The exact treatment of the final continuum states in E
~4!–~6! requires the solution of a four-body problem, whic
is beyond our present capability. Therefore we neglect
final state interaction of the pion. For its treatment in t
framework of an optical potential we refer to a recent arti
@13#. Under the approximation of a free pion the matrix e
ments in Eqs.~4!–~6! shrink to ones which refer only to
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57 1597p-MESONIC DECAY OF THE HYPERTRITON
three baryons. The resulting operatorO acting in that re-
duced space, related to the elementary processL→p1p2,
is given in a relativistic notation as@5#

O5 iA2GFmp
2 ūN~kW3!~Ap1Bpg5!uL~kW3!, ~12!

where ū, u are Dirac spinors andGFmp
2 52.2131027 the

weak coupling constant. The constantsAp51.05 andBp 5
27.15 measure the parity violating and conserving pa
@14,3#. The factorA2 arises from the ‘‘spurion’’ character o
L and fromtW•fW , wherefW is the isovector pion field. In cas
of the n1p0 decay that factor is~21!. In nonrelativistic
reduction the simple operator results

O→ iA2GFmp
2 S Ap1

Bp

2M̄
sW •kWpD ~13!

with M̄'(MN1ML)/2. The freeL-decay rate is briefly dis-
played in Appendix A. The use of the nonrelativistic redu
tion ~13! introduces only a 2% shift for that decay rate. F
nally using Eqs.~8!,~9!, theL rest frame condition, and ou
choice for theL to be particle 3 one has

kWp5
3

2
~qW 82qW !. ~14!

Though we neglect the interaction of the pion with t
three nucleons we treat the one for the three final nucle
exactly. This is depicted graphically in Figs. 1–3. The fin
state interaction among the three nucleons can be perfor
in analogy to electron scattering on3He @15#. We exemplify
it for the nnp breakup process. For our notation in gene
we refer to@16#.

The 3N scattering state expressed in Jacobi mome
C (2)[CpW qW m1m2m3

(2) , is Faddeev decomposed

C~2 !5~11P!c~2 !, ~15!

whereP is the sum of a cyclical and anticyclical permutatio
of three objects andc (2) is one Faddeev component.
obeys the Faddeev equation

FIG. 1. The nuclear matrix element for the processL
3 H

→p213He.
ts

-

ns
l
ed

l

a,

c~2 !5f~2 !1G0
~2 !t ~2 !Pc~2 ! ~16!

with

f~2 !5~11G0
~2 !t ~2 !!f0

a ~17!

and

f0
a5

1

A3!
~12P12!uf0&[

1

A6
~12P12!upW &uqW &. ~18!

HereG0
(2) is the free three-nucleon propagator,t (2) the NN

~off-shell! t matrix, and 1/A6 takes care of the identity of th
three nucleons. Note thatP12 acts in the two-body subsystem
described by the relative momentumpW . As shown in@3# the
nuclear matrix element for the 3N breakup can be written a

^CpW qW m1m2m3

~2 ! uOuC
L
3 H&5^f0

au~11P!OuC
L
3 H&

1^f0
au~11P!uU&, ~19!

whereuU& obeys the Faddeev equation

uU&5tG0~11P!OuC
L
3 H&1tG0PuU&. ~20!

The action of the operatorO will be described in Appendix
B. The hypertriton state has aLNN and a SNN part.
Though theL2S conversion is crucial for the binding of th
hypertriton, theSNN admixture is very small@1# and we
neglect it. Thus we also neglect the contribution of theS
decay, as we also did in the case of the nonmesonic de
@3#.

FIG. 2. The nuclear matrix element for the processL
3 H

→p21p1d.

FIG. 3. The nuclear matrix element for the processL
3 H

→p21p1p1n.
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TABLE I. Partial and total mesonic and nonmesonic decay rates and corresponding lifetimes.

Channel G @sec21# G/ GL t5G21 @sec#

3He 1p2 and 3H 1 p0 0.14631010 0.384 0.68431029

d1p 1p2 andd1n1p0 0.23531010 0.619 0.42531029

p 1 p 1 n 1 p2 andp 1 n 1 n 1p0 0.3683108 0.0097 0.27131027

All mesonic channels 0.38531010 1.01 0.26031029

d1 n 0.67 3107 0.0018 0.1531026

p 1 n 1 n 0.57 3108 0.015 0.1831027

All nonmesonic channels 0.643108 0.017 0.1631027

All channels 0.39131010 1.03 2.56310210

Expt. @6# 2.64 10.92 20.54 310210

Expt. ~averaged! @11# 2.44 1 0.26 20.22 310210
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In @1# the hypertriton state has been determined in a p
tial wave representation and we refer to@1# for the details of
our notation. Here we need only the form

uC
L
3 H&5(

a
E dpp2E dqq2upqa&Ca~pq!, ~21!

wherep,q are the magnitudes of the Jacobi momenta~9! and
a denotes the following set of discrete quantum number

a[~ ls! j S l
1

2D I ~ j I !J~ t0!T. ~22!

Here (ls) j describes the coupling of orbital angular mome
tum l and total spins to the total two-body angular momen

tum j of the NN subsystem, (l 1
2 )I the corresponding cou

pling of orbital and spin angular momentum ofL to its total
angular momentumI , ( j I )J, the resultingj I coupling to the
total angular momentumJ, and finally the isospin coupling
of the two-nucleon isospint50 and the isospin zero of theL
particle to total isospinT50.

Also for the evaluation of the matrix elements in~19! and
the solution of the Faddeev equation~20! we work in a par-
tial wave representation, using a complete set of basis s
now for three nucleons. They are again denoted asupqa&N
but adding a subscriptN to indicate that the Jacobi momen
are now from~8!. Furthermore one has to note that this is
subset of states antisymmetrized in the subsystem of
ticles 1 and 2, thus (l 1s1t) has to be odd.

Now projecting the Faddeev equation into the ba
upqa&N and inserting appropriate decompositions of t
unity one gets

N^pqauU&5(E (E N^pqautG0~11P!up8q8a8&NN

3^p8q8a8uOup9q9a9&Ca9~p9q9!

1(E N^pqautG0Pup8q8a8&NN^p8q8a8uU&.

~23!

This is a coupled set of integral equations, with a kernel p
which is well known@17# from 3N scattering, and an inho
mogeneous term, whose part left ofO is also familiar from
electron scattering@15#. What is left as a new structure is th
r-

-

tes

r-

s

t,

application of theO matrix onto the wave function compo
nent of the hypertriton. This is given in Appendix B.

Once the amplitudesN^pqauU& are determined, the ma
trix element in~19! is evaluated by quadrature in the mann
described in@17# and references therein. The first matrix e
ement in Eq.~19!, the plane wave impulse approximatio
with respect to the nucleons, is also evaluated by the s
techniques via partial wave decomposition.

III. RESULTS

We used a hypertriton wave function based on
Nijmegen 93NN potential@18# and the NijmegenYN inter-
action @2#, which include theL2S transitions. The numbe
of different a quantum numbers~22!, usually called chan-
nels, used in the solution of the corresponding Faddeev e
tion is 102. This leads to a fully converged state, which h
the proper antisymmetrization among the two nucleons b
in. Also theNN andYN correlations are exactly included a
generated by the various baryon-baryon forces~see@1#!. The
SNN part of the state has a probability of 0.5% and will b
neglected.

Let us first regard the decay channel:

L
3 H→p213He.

In that channel we use the3He wave function generated b
the Faddeev equation with the Nijmegen 93NN interaction
@18#. The kinematically fixed value of the pion momentum
kp5117.4 MeV/c. From ~4! and ~10! we obtain the total
decay rateGHe50.9733 109 sec21 as our theoretical pre
diction. It should be compared to the value 1.066 0.413109

sec21 which we estimate from the totalL
3 H decay lifetime

t5~ 2.44 1 0.26 20.22! 310210 @11# ~neglecting the non-
mesonic piece!, using the factor 3/2 of Eq.~3! from isospin
and the ratio R~see the Introduction!. The decay rates and
lifetimes for both mesons are given in Table I.

Let us now ask more detailed questions in relation to t
3He channel. For the freeL decay intop1p2 the proton
turns out to be polarized as a consequence of the interfer
between the two operators in~13!. For unpolarizedL ’s the
polarization of the proton in the direction of the outgoingp2

is easily evaluated as
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PL5

(
mL

(
mp

mpUS Ap1
Bp

2M̄
sW •kWpD

mpmL

U2

(
mL

(
mp

US Ap1
Bp

2M̄
sW •kWpD

mpmL

U2

5

ApBp

2M̄
ukWpu

Ap
2 1S Bp

2M̄
D 2

kWp
2

. ~24!

PL is related to the measured quantitya 5 20.646 0.01
@19# ~factor 2! and agrees of course with~24!, using our
values forAp andBp . It results inPL 5 20.322.

Now back to the3He channel. We ask for the polarizatio
of 3He in the direction ofp2 for an unpolarizedL

3 H. It is
given as

P3He5

(
m

(
m8

m8uA3^CkWpkW3He

~2 !
m8uÔuC

L
3 Hm&u2

(
m

(
m8

uA3^CkWpkW3He

~2 !
m8uÔuC

L
3 Hm&u2

. ~25!
n
-

he
.8
We find P3He5 0.134, which has the opposite sign ofPL .
This finds a simple explanation in regarding a further obse
able. This is the difference in the probability forp2’s leav-
ing in the direction of a polarizedL

3 H to the p2 leaving
opposite to that direction. This quantity can be compared
the one for the freeL decay of a polarizedL. In a polarized
hypertriton theL has a small polarizationpL5 20.166@1#.
Therefore we expect a change of sign between the two
ferences and a change of the magnitude because of
nuclear wave functions. A simple calculation for the freeL
decay is

AL5

dGL

dk̂p
U

up50

2
dGL

dk̂p
U

up5p

dGL

dk̂p
U

up50

1
dGL

dk̂p
U

up5p

52PL . ~26!

Here up is the angle of the emittedp2 in relation to the
direction of theL polarization.

The corresponding quantity of theL
3 H decay into

p213He is
AL
3 H5

dGHe

dk̂p
U

up50

2
dGHe

dk̂p
U

up5p

dGHe

dk̂p
U

up50

1
dGHe

dk̂p
U

up5p

5

(
m8

z^CkWpkW3He

~2 !
m8uÔuC

L
3 Hm5 1

2 & zup50
2 2(

m8
z^CkWpkW3He

~2 !
m8uÔuC

L
3 Hm5 1

2 & zup5p
2

(
m8

z^CkWpkW3He

~2 !
m8uÔuC

L
3 Hm5 1

2 zup50
2 1(

m8
z^CkWpkW3He

~2 !
m8uÔuC

L
3 Hm5 1

2 & zup5p
2

. ~27!
o

nt.
lts
er.
an

-
-

-

A detailed look into the expressions~B3! and ~B4! given in
Appendix B and the corresponding ones wherek̂p is oppo-
site to thez direction reveals that

AL
3 H52P3He. ~28!

Consequently alsoP3He should be opposite in sign toPL .
Let us now investigate the breakup channels:

L
3 H→p21p1d and L

3 H→p21p1p1n.

For these channels we must solve the Faddeev equation~23!.
Again we use the realistic Nijmegen 93NN interaction@18#.
The technical steps are the same as in the case of the
mesonic decay@3#. In Table I we show our theoretical pre
dictions for the summed up rates (p2 andp0) into the deu-
teron and 3N channels which together with the rates into t
3N bound states given above leads to the total rate 3
on-

5

3109 sec21. It results a theoretical lifetime with respect t
mesonic decay only oft 5 2.71310210 sec. We see that the
strongest decay goes into thep1d channel followed by the
transition into the three nucleon bound state3He. Both are
much stronger than the decay into the 3N channel. For the
nonmesonic decay also shown in Table I this is differe
There then1n1p channel is the dominant one. Our resu
from @3# are reproduced for the convenience of the read
Please note that they are larger by a factor of 3 due to
overlooked factorA3 resulting from correct antisymmetriza
tion @4#. The total theoretical lifetime with respect to all de
cay channels turns out to be 2.56310210 sec which is close
to the averaged value~2.4410.2620.22! 310210 sec in the
range of experimental data@11#. The theoretical ratio
R5GHe/(GHe1Gp1d1Gp1p1n) is 0.379 which is in agree-
ment with the experimental mean value of 0.356 0.04@11#.

As additional information we show in Fig. 4 the differen
tial decay ratesdGp1d/dkp and dGp1p1n/dkp as well as
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their sum. These quantities result by integrating over all v
ables except forkp . Both individual rates peak near th
p21p1p1n threshold atkp 5 101.3 MeV/c. The rate into
the p1d channel dominates. It is only atkp about 20 MeV/
c that the 3N channel is equally strongly populated and ov
takes thep1d channel for even smaller pion momenta.
Fig. 4 we also display the 3N c.m. energyTc.m.

3N , which is
kinematically connected to the pion momentum. Atkp' 20
MeV/c it reachesTc.m.

3N 535 MeV. It is around this energy
where the total breakup cross section inn1d scattering also
overtakes the total elasticn1d cross section. This is show
in Fig. 5. It is therefore tempting to interpret the outcome
Fig. 4 to result from the scattering of the nucleon arisi
from the weakL decay from the deuteron in the hypertrito
At low c.m. energiesTc.m.

3N elastic scattering of that nucleo
from the deuteron dominates and aroundTc.m.

3N 535 MeV the
breakup process catches up. The stronger energy depen
in Fig. 4 in comparison to Fig. 5 is caused by the product
process of the nucleon out of theL decay. If one switches
off the final state interaction between the proton and the d
teron the decay rates are drastically shifted. Also then

FIG. 4. Differential decay ratesdGp1d/dkp ~long dashed curve!,
dGp1p1n/dkp ~short dashed curve!, and their sum~solid curve!
including FSI. Neglecting FSI the rates are drastically shift
dGp1d/dkp ~long dashed dotted!, dGp1p1n/dkp ~short dashed dot-
ted!, and their sum~dotted!.

FIG. 5. Angular integrated cross sections for 3N scattering: To-
tal nd cross section~solid curve!, total elastic cross section~dashed
curve!, and total breakup cross section~dotted curve!.
i-

-

nce
n

u-
e

three nucleon breakup dominates except near the hig
pion energy.

It is conceivable that Coulomb force effects in thep2

channel, where a proton scatters off the deuteron will infl
ence the rates. The elastic scattering in thepd channel is
stronger than in thend channel, which we calculated. W
neglected thepp Coulomb force totally. This is of course
quantitative question, which should be checked in the fut
in a fullfledged 3N continuum calculation including the Cou
lomb force.

Finally we show the energy distribution of the meson, t
nucleon, and the deuteron in the form of a Dalitz plot. T
triangle chosen for the Dalitz plot is shown in Fig. 6. Th
quantity to be presented isdG/dTpdTd which results from
Eq. ~5! by integrating over all angles. We get

dG

dTpdTd
5

1

2 (
mmpmd

E dfddk̂pzA3^CkWpkW pkWd

~2 ! uÔuC
L
3 Hm& z2

MN
2

4p2 ,

~29!

where cosud is kinematically fixed. After summation ove
the spin magnetic quantum numbers ofL

3 H, the proton, and
the deuteron and using the momentum conservingd func-
tion, the matrix element squared depends only on the an
ud betweenk̂p and k̂d . Therefore the angular integrations
~29! are trivial and lead just to a factor 8p2.

The three kinetic energies

Tp5Amp
2 1kWp

22mp ,

Tp5
kW p

2

2MN
,

Td5
kWd

2

4MN
, ~30!

with kWp1kW p1kWd50 sum up to the total kinetic energ
Tc.m.5 36.9 MeV. As is well known the kinetic energies ca

:
FIG. 6. A triangle chosen for the Dalitz plots in Figs. 7 and

The kinematically allowed events lie in the shaded area. Nearly
events occur at the right end, in the subdomain encircled b
dashed line.
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be read off as the perpendicular distances to the sides o
triangle as depicted in Fig. 6. The kinematically access
events have to lie in the shaded area shown in Fig. 6. It tu
out that essentially all events concentrate in the corner
circled by the dashed line in Fig. 6. The number of eve
over that subdomain is shown in Fig. 7. We see a strong
towards the lower border of the kinematically allowed r
gion. In other words the number of events increase with
creasing deuteron energy. For the example ofTp532.0 MeV
we display in Fig. 8 the dependence ofdG/dTpdTd as a
function of Td .

Finally we display in Fig. 9dG/dTpdTd in the same sub-
domain as in Fig. 7 but excluding deuteron energiesTd< 1
MeV. The rate is down by about a factor 100 but it is mo
interesting, since it is generated just by final state inter
tions. We see a rich interference pattern.

IV. SUMMARY

The mesonic decay of the hypertriton has been calcula
using a hypertriton wave function and 3N bound and scatter
ing states, which are rigorous solutions of the Faddeev eq
tions. Our results are based on the Nijmegen 93NN potential
and Nijmegen hyperon-nucleon forces, which include theL-
S conversion. The standard simple particle operator for f
L→p1N decay has been used. The interaction between
emittedp2 and the nucleons is neglected as well as C
lomb forces. We evaluated the partial decay rates into

FIG. 8. The distributionsdGp1d/dTpdTd including FSI ~solid
curve! and neglecting FSI~dashed curve! for fixed Tp 5 32 MeV.
Note that the curves for thatTp do not start atTd 5 0.

FIG. 7. The distributiondGp1d/dTpdTd in the subdomain of
Fig. 6.
he
e
s
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s
e

-
-

c-

d

a-

e
he
-
e

3He 1 p2, p 1 d 1 p2, andp 1 p 1 n 1 p2 channels.
The corresponding rates forp0 emission are given by isospi
symmetry~if valid!. The total mesonic rate is 0.38531010

sec21, which is 101% of the freeL-decay rate. If one adds
the nonmesonic decay channels that number is 103%. T
the L

3 H lives a bit shorter than a freeL.
In a previous work@3# we already discussed the nonm

sonic decay channels. Thus fairly complete theoretical p
dictions for all decay channels of the hypertriton are ava
able, which are based on modern forces and rigorous th
body calculations.

We also studied the momentum distribution of the emit
p2. This distribution appears to be nicely related to nucleo
deuteron scattering initiated in the hypertriton~after decay of
theL) as one can infer from the relation between thep 1 d
andp 1 p 1 n channels.

The p 1 d 1 p2 decay is visualized in the form of a
Dalitz plot. As expected the spectrum peaks for low en
getic deuterons which are present in the weakly bound
pertriton.

Finally we compared the polarization of the outgoing pr
ton in free unpolarizedL decay to the polarization of3He in
the unpolarized hypertriton decay. They turn out to be op
site in sign, which is explained by regarding a related p
cess. This is the difference inp2 rates for emission paralle
or antiparallel to the polarizedL and L

3 H respectively. The
two observables, the polarization of the outgoing proton a
the difference inp2 rates are equal up to a factor 2. Th
changes in sign result since a polarizedL

3 H contains a polar-
izedL with the spin direction pointing in the opposite dire
tion of the polarization of the hypertriton.

Measurements of hypertriton decay properties would c
tainly be very useful to test these predictions based on m
ern dynamics.

ACKNOWLEDGMENTS

This work was supported by the Research Contract
41324878~COSY-044! of the Forschungszentrum Ju¨lich, the
Deutsche Forschungsgemeinschaft and the Science
Technology Cooperation Germany-Poland under Grant
XO81.91. The numerical calculations have been perform
on the Cray T90 of the Ho¨chstleistungsrechenzentrum in J¨-
lich, Germany.

APPENDIX A: FREE L DECAY

As is well known from text books, for instance@20#, the
total decay rate forL→p1p2 and based on our notatio
~12! is

FIG. 9. The distributiondGp1d/dTpdTd in a subdomain of Fig.
8 for Td>1 MeV. That interference pattern results from FSI and t
scale of the figure is a factor 100 smaller than in Fig. 7.
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G rel
L→p1p2

5
ab~ f s

2a21 f p
2b2!

8pML
3 , ~A1!

with

a5A~ML1M p!22mp
2 ,

b5A~ML2M p!22mp
2 . ~A2!

and

f s5GFmp
2 Ap ,

f p5GFmp
2 Bp . ~A3!

The momentumkp is kinematically fixed as

kp5ukWpu5
A~ML

2 1M p
22mp

2 !224ML
2 M p

2

2ML
. ~A4!

The nonrelativistic calculation based on Eq.~13! yields

Gnonrel
L→p1p2

5
kp

p

M p

M p1vp
S f s

21 f p
2

kp
2

4M̄2D . ~A5!

Both results, Eqs.~A1! and ~A5! agree within 1.7%. Equa
tions ~A1! and ~A5! lead to lifetimes of theL particle
2
3 @G rel

L→p1p2

#2152.671310210 sec and2
3 @Gnonrel

L→p1p2

#21 5
2.717310210 sec, respectively, which compare well to th
datum 2.6326 0.020310210 sec@21#.

APPENDIX B: PARTIAL WAVE REPRESENTATION
OF THE OPERATOR O

We show the partial wave representation for the opera
O of Eq. ~13! applied onto the hypertriton state. One has

^pqamuOuC
L
3 Hm

L
3 H&

5(
a8

E dp8p82E dq8q82^pqamuOup8q8a8&

3^p8q8a8uC
L
3 Hm

L
3 H&, ~B1!

wherem andm
L
3 H are thez components of the outgoing 3N

state and the hypertriton, respectively. The expression ca
separated into two terms:

^pqauOuC
L
3 Hm

L
3 H&5 iA2GFmp

2 ApOA1 iA2GFmp
2 Bp

2M̄
OB ,

~B2!

with
OA5
1

2
dmm

L
3 H(

a8

AĴÎ Î 8l̂8Al̂8! ~2 ! jd l l 8dss8d j j 8 (
l11l25l8

ql1( 2
3 kp)l2

1

A~2l1!! ~2l2!!

3(
k

k̂~2 !kgka8~p,q,kp!C~l1kl,00!(
g

AĝC~l2kg,00!

3H g l l8

1
2 I 8 I J H g I I 8

j 1
2 J J C~Jg 1

2 ,m0m
L
3 H! ~B3!

and

OB5
A6

2
kpdmm

L
3 H(

a8

d l l 8dss8d j j 8~2 ! j 1I 81 1/2AĴÎ Î 8l̂l̂8Al̂8!(
L

L̂~2 !LH l8 L 1

1
2

1
2 I 8J

3 (
l11l25l8

ql1S 2

3
kpD l2

1

A~2l1!! ~2l2!!
(

k

Ak̂gka8~p,q,kp!C~l1lk,00!

3(
h

AĥC~k1h,00!(
g

Aĝ~2 !gC~l2hg,00!

3H l g L

I 8 1
2 I J H l1 l2 l8

k h 1

l g L J H J I j

I 8 1
2 gJ C~Jg 1

2 ,m0m
L
3 H!, ~B4!
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where

gka8~p,q,kp!5E
21

1

dxPk~x!
^p,uqW 1 2

3 kWpua8uC
L
3 Hm

L
3 H&

uqW 1 2
3 kWpul8

~B5!

and wherePk is a Legendre function depending onx5q̂• k̂p .
,

ys

al
i

We use the notation ẑ52z11. Also we assume

the quantum axis to be parallel to thekWp direction.
The isospin part of the matrix element is not included

~B3! and~B4!. It yields just the factorA2 for thep2 transi-
tion. Furthermore it leads to the requirement that the isos
of the two spectator nucleons has to be zero and that o
total isospinT51/2 contributes.
s.
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