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| present an independent-particle shell-model formalisnitie calculation of the primary proton

asymmetry of nonmesonic weak hypernuclear decay in termalative-space transition ampli-

tudes. In previous work the asymmetry has been usually definéerms of the single-proton

angular distribution, having in mind the measurement of tiantity by single-proton detec-
tion, as done in the older experiments. More recently orieestifor better determinations of

this quantity through proton-neutron coincidence measergs, which are expected to suffer
less contamination from rescattering inside the nucleatinme. Therefore | start here from a
definition of the asymmetry based on the angular distriloutiba proton in coincidence with a

neutron in back-to-back kinematics. The two calculatechtjtias are not identical, but should

have similar numerical values due to the fact that the ogeangle distribution for the primary

nucleons is strongly peaked at this momentum orientation.
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1. Introduction

The free decay of A hyperon occurs almost exclusively through the mesonic mivde, N,
but inside hypernuclei a new channel opens up and rapidly dominateetag forA > 5. This
is the nonmesonic mod&N — nN, whose large momentum transfexrs 400 MeV/c) are enough
to overcome the Pauli blocking. At present, this decay mode is the only wahalale to probe
the strangeness-changing weak interaction between hadrons. Todhibegaxisting experimental
data of greatest theoretical interest are the full (single-nucleon idjlncamesonic decay rate =
M+Tp=T(An—nn)+TI(Ap— np), and then/p branching ratiol /I p, of several hypernuclei,
and the vector proton asymmet#dy,, in the decay of polarized s- and p- shell hypernuclei. These
are not raw data, however, since it is necessary to disentangle fromaasurements the effect
of rescattering of the primary nucleons inside the nuclear medium due tcstatalinteractions.
To help in this task there have recently become available some good quality-sigé®n and
two-nucleon-coincidence spectra and opening angle distributions ofettesy gproducts of a few
light hypernuclei. For a review and updates on nonmesonic hypermuatgeay, see Refd][fl], B, 3],
and, for experimental determinations of the proton asymmetry, see Rdis[il

Most of the theoretical work on nonmesonic decay constructs the trangdtential by means
of one-meson-exchange models with coupling constants fixed throughyusjtaametry argu-
ments, as explained, for instance, in REf. [7]. All such calculations, dinefthose by the present
author and collaboratorf|[§, P,]10], reproduce quite well the full ncxomie decay rate, but, until
recently, seemed to strongly disagree with the experimental values for grdwthobservables. In
the last few years, however, progress in both the theoretical and plegimental sides has solved
this discrepancy for the branching ratio. But the question is not yet geiteed for the proton
asymmetry.

2. Back-to-back proton asymmetry

The rate for the proton-induced\p — np) nonmesonic decay of a hypernucleus in state
lviJM;) with the emission of a neutron and a proton having momenta and third components
of spin and isospinfy, s, th = —1/2) and pp, Sp, tp = +1/2), respectively, and leaving be-
hind a residual nucleus in statg- J-Mg) is given by Fermi’'s golden ruleh(= c= 1) asdlN, =

271("237%”3 (d;%"g O(E.C.) [{PnSntn PpSptp Ve JFME V|V J|M|>|2, whered (E.C.) is the energy-conserving
delta function and/ is the transition potential. An incoherent mixture having vector polarization
& along the directiom is described by the density matrix J1p] = Tlﬂ [1| + JI%QZ.L ‘Al
Then, taking the trace gd dI", and summing/integrating over the free final states/variables, one
gets for the angular distribution of the emitted proton in coincidence with a memtizack-to-back

kinematics pn = —pp) in the decay of this incoherent but polarized initial state

1
23 +1

Ipn(f’p) J ) (21)

3 A
;J(EV|J|M|)+m@pp-n%M| o(mLvidM)

where the back-to-back strengths are given by

21 ~ o o
O'(Tl', V|J||\/||) = 7= /deFJF ‘<pn5‘ntnppSptpVFJFMF|V|V|J|M|>|2 . (22)
(47'[) VFJr S$iSpMF
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We have introduced the compact notation

df — d 2do, O & M 2
VEJE -+ — pp pp pn p'] 2M+2M+ ZMR _AVFJF (3)

where M is the nucleon mass,Fle that of the residual nucleus, angl . is the liberated energy.
The matrix element i (2.2) must be computed in the proton helicity frame, wherestkis points
along the proton momentum. Therefopg,= ppe, andp, = —pne,.

The back-to-back vector proton asymmety, for this decay is operationally defined by

DA = lon(Pp=1)) — 'pn(pp——n))’ 2.4)
lon(Pp=")) + lpn(Pp=—n))
leading, through[(2 1), to the following theoretical expression
gMIG(TEVIJIMO

3
A= go(mv|J|M|) ' (2:5)

It is convenient to split the transition potential into its parity-conservir@)(and a parity-
violating (PV) parts, i.e., to writd/ = VPC 1+ VPV whereVFC is invariant under space inversion,
while VPV changes sign. Then, assuming &t time-reversal invariant, one gets

I SnSp

2; %ﬂ |Z )T (BB SMsTOVEIEME VPO v M) |2

+]Z T(FPSMsTOVEJEME VPV (U IM))| ) (2.6)
g’\/h ’<[3n8ntnﬁp8ptpV|:J|:M|:‘V‘V|J|M|>‘2 =
I F

0 g‘ M S%AF [( Z(—)T@ﬁswo Ve JeMEe VPC v M, >)

X (3 ()T (BPSMST'OvE MV My) ) | (2.7)
T/
On the right hand sides, we have performed the change of |f&Si$, PpSptp) — |f>|58MsTO>,
whereSandT are the total spin and isospin, respectiv@ly= 2(|6 —Pn) = %(per Pn)ez, P=
1

Bp+ Pn = (Pp — Pn)e; and we have noticed thagt, sty | TMr) = 75(8r1— 810) dwr 0.

3. Shell-model formalism

From what we have shown in Ref.]12] and frofp (+e,) = (£)' /2L 6o, it follows that

<f)ﬁ)SN|5T0 V|:J|:|V||:|V|V|J|M|> = \/2‘]7% i—Lij! Slgn(pp—pn)L[Ll]l/2
X ;<JFMFJM5|J|M| >C(JLK|SN13)
Xn%N v.J.H( ) oy VEde) (PLINL).#/ (BISK TO; IS KAL) (3.1)
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HereC(JLKISMs) = (KMsLO|JMs) (I0SMs|KMs),

A (PISK TO;nISKAL,) = é 1- (—)'+S+T] ((BISK TOV|(nl SK Atp) (3.2)

are the relative-space transition matrix elements (Jastrow-like correlatiatidas are implied),
and we have introduced the generalized spectroscopic amplitudes

t ot  _
(vl (a’\atp>n|§KNLJ||VFJF> N
(NISKNLJ nAlajanplpjpd) (vidi]| (ag,\l,\j,\/\an:plpjptp)J lVedF)™, (3.3)

where the second factor is a standard spectroscopic amplitude and trenérss a recoupled
Moshinsky coefficient, i.e.,

(NISKNLJ mlajanplpipd) =

_ LA _[nzia]
SASKUY24 S0S b [inipASY?S 1p 3 Jp ¢ (NNLA[MIANGIpA).  (3.4)
A KLJ ASJ

The last factor above is the usual Moshinsky coeffici¢n} {1&8}d we are using the notation
[ab...] = (2a+1)(2b+1).... (Notice that, for the simple version of the shell model we are
adopting? the appropriate values @fzlxjs and Nplpjp in Eq. (3.B) are dictated by andv;.)
Finally (PL|NL) = [;°R?jL(PR) %’NL(b/ﬁ, R) dR whereb is the oscillator size parameter, is
the center-of-mass radial overlap, for which explicit expressiona\aiable [B]TH].

To compute the quantitief (2.6) afd [2.7), we will need the intermediate summations

SUMES) | " eyt
{ SUM(ED) } = %C(JLKlSMs)C(J L'K'l"SMs)

o) Znem (JFMEIMs|IM ) (JEMeI' Ms| I M; ) (3.5)
S e M1 (JEME IMs| ML) (JEME IMs| M) [

Well known identities [15] lead to
SUM(Z8) = &y 8(J,J,3) H] gC(JLKISI\/IS)C(JL’K’I’SI\/IS) (3.6)
S
and

JJ I

SUMED) = (_)J.HF[JI]s/z\/m{ 13 J’}

S 1 J n ey’
X é(_)M (o Ms Mg) C(JLKISMs)C(JL'K'I'SMs), (3.7)

lwith its phase adapted to our convention for the relative coordinate asregbia Ref BS].
2Namely, an independent-particle harmonic-oscillator shell mcﬂieﬂ}% Héwever the formalism can be easily
extended to more sophisticated versions of the shell-model througlpansgn in the harmonic-oscillator basis.
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wherefa/b] = (2a+1)/(2b+1). Then, from Eqs[(2]2)[(3.6). 2.7), (B.1), ahd|3.5), we arrive a

Sm (VM) 1 5
= ——0 dfyes

zl\/h M, U(TCVI JIMI) 8"[‘]|] VFZF/

33 3 TTINTRE()T (I 8T ()

T
SUM(R.6) _

%3 3 S((-) ()L Y TS &) ()

KK'LL JJ SUM(@) nisnl’s

% vl (a a{Tp)nISKNLJHVFJF>* (ISL|NL)
wal(a T) ) Vede) (BL|N'LY)*
XNZ ! IH A ) ooy |[VEIE)H(PLINLY)

6'I'T/ |7( )I/)

(&rr = 1)8((—), (=)
///PC pISK TO;nISKAt,).#PC(BI'SK T'0;nI'S K’ Aty)*

+///PV(pISKT0 NISKAtp).2PY (BI'SK T/0;nI’S K’ Aty)*] 3.8)

MPC(PISK TO;NISKAty).2PV (BI'SK T'0;nI'S K’ Atp)*

where we have explicitly indicated, through Kronecker defiés, b) = d,p, the restrictions im-
posed on the summations by several selection rules. This allows us to write

VIM) = dvaF / =)

> o(mvam) / 33 om Y 8l : <_>>

x 6<<—>T,<—>'+S“>6<<—>TZ<—>' TS S 8((9) )"
KK nisn'lI’s

x [CRSECISKT,nISI'K'T/,ni'S; P)

x . #"C(PISK TO; n_IEKAtp)//{'iC([SI’S K T'0;n S K’ Atp)*
+CIVPV(ISKT,nISI'K'T!,n1'S; P)

x ™ (BISK TO;nISKAty).#™ (pI'SK T'0;nI'S K’ Atp)*] (3.9)

and

%Nh U(Tl',V|J|M|) = 87'[[J| ——0 Z /deFJF TT/ 61-1-/— ;5 |’+1)
< BT ()5 3T ()Y $ 5 Y 8- ()

KK’ nIsn'I’'S
xCPOPV(ISKT,nISI'K'T', nI'S; P)
x M PC(PISK TO;NISKALy). 2V (BI'SK T'0;n 'S K’ Atp)* (3.10)

The expressions for the coefficie@§5"<, CIYPY andC)SFY can be obtained by comparison with
Eq. 3.9).
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4. Summary

The vector proton asymmetry,, or equivalently the intrinsic asymmetry paramefef [11],

Ay f0rJ|:Jc—|—1/2

- 1
4 —J'j Ay ford =J—1/2,
|

(4.1)

where Jc is the spin of the hypernuclear core, thus defined in order to subduependence
on the hypernuclear spin, is an important observable of nonmesonic degaly. Being related
to interference terms between parity-conserving and parity-violatingiti@namplitudes, it not
only contains further information when compared to the transition rate ancetiteon-to-proton
branching ratio, but also has a greater power to discriminate betweerediffaodels of hypernu-
clear nonmesonic decay. Discrepancies between its measured andtedlgalaes still remain.

It seems appropriate, therefore, to develop a general formalism foeitsatical computation
within a shell-model approach. This we have done in the present contribliti@general expres-
sions are rather involved, but they can certainly be simplified by adoptitapteiapproximations,
such as limiting the initial state to @wave, as illustrated, for instance, in R¢£|[10]. This, however,
has been left for a future development.
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