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| DECAY MODES OF A- HYPERNUCLEI | |

MESONIC

A = 7% T,  py~100MeV
A - 77p I, -

NON-MESONIC

One—nucleon induced
An — nn I, PN ~ 420 MeV
Ap — np I,

Two—nucleon induced

ANN —nNN Iy py ~ 340 MeV

FT:FM+ FNl\/[ :Fw"+rﬂ“+ F?’L+F]J+F2

N N N N N
Tp. o1 KK
wp, 01N KK b __________
—————————— N
A N A N N

- == the non-mesonic weak decay (NMWD)
dominates over the mesonic one for all but the s—shell

hypernclei
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THE I',,/T, PUZZLE

Since many years, a sound theoretical explanation of the
large experimental values of I, /T", is missing.

NN Adberiee aos G Tl e Repr. 369 Zou

RN

Theory underestimates the central data for all considered
hypernuclei:

but the large experimental error bars do not allow one to
reach any definite conclusion.

The “ue P Do 0 (OPE) model supplies very small
ratios: _

r, 19PF

nl -

hut can reproduce the total non—-mesonic rates chserved
for light and medium hypernuclei.

Other revaciiog w0 - S e A mlght then
be resp0n81ble for the over estmmtlon of I', and the
underestimation of I,

4 heavier mesons (p. K. K*. w. 1, 21/p, 27/0)
4 direct quark mechanism
4 two-nucleon induced mechanism

4 nucleon final state interactions
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A few calculations with AN — nN transition potentials
including heavy—meson—exchange and /or direct

quark contributions _ have recently improved the
situation, without providing an explanation of the puzzle
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In addition, a realistic analysis of the T',, /T", ratio requires:

4 the inclusion of the TWO-NUCLEON INDUCED
DECAY MECHANISM

lquasi — deutron approximation = Anp — nnp)

~1

whose experimental identification is expected in NN N
coincidence measurements (KEK, BNL, FINUDA)

_

4 the estimation of the NUCLEON ENERQY LOSSES
INSIDE THE RESIDUAL NUCLEUS AND IN THE
EXPERIMENTAL SET-UP

SECOND EU RIDICETowards the solution of the [“/l_"p Puzzle G. Garbarinao,
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_| OUR APPROACH TO THE PROBLEM I-

;‘-.__‘x'. (___'; o !)'r__‘-_J_ JILGh, AL Pl Ao vttt o A A ‘1 i lL J Zi3l) 1.

Study of the NUCLEON DISTRIBUTIONS in the
NMWD of 3He and ;*C hypernuclei

4 SINGLE NUCLEON ENERGY SPECTRA

4 [ NN ANGULAR AND ENERGY CORRELATIONS

== |determine I',, /T,

via the comparison with observed distributions

4 Finite Nucleus treatment for AN — nN
(OME =7 +p+ K+ £+ =)

9 Polarization Propagator method in LDA for
ANN — nNN (correlated OFPE)

FU TR PR R ! o T T T e e = D T e -
LIRS 1 O S T U IR B T - S o s KU

4  Intranuclear Cascade calculation
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Finite Nucleus approach to NMWD

Shell Model ‘ nuclear (V) and hypernuclear (V) wave
functions are used to compute:

oIl A Bains w0 e o 0 FROSG LG0T 30y

dp1 dp> . — S a2
Fn(p) — (2ﬂ-)3 (_27T)3 QWO(E-C')Z an(p)(p17p2)|

where:

g 5
5(EC) zé(mH—ER—QmN“ L 2 )
2mN 2mN

My (B, P2) = (U r; N(3)N @) Tan—-nn|¥ i)

Weak-coupling scheme + technique of f.p.c.:
MN — <]\UV’VO\[E’AN>

} One-Meson-Exchange AN — NN transition potential

N N N N
* k 4 A
S usiih;

. L onl| . &

PC: Pole Model

Strong Interaction Model: NSC97f
Scattering NN wave function: Lippmann—Schwinger (T—-matrix) equation

r . B T . . .
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I Nucleon FSIl I

Monte Carlo Simulation

Random number generator determines:

4 the decay chanuel, 1 N-induced (An — nn or
Ap — np) or 2N—induced, according to I'; /Ty (T, /Tp)

4 positions, momenta and charges of primary nucleons
<== probability distributions given by the Finite
Nucleus approach (1N—induced) and PPM in LDA
(2N—-induced)

. . k2. (7
Nucleons move under a Local Potential, V(r) = ___ZF (4)
N
and collide with other nucleons of the medium according to

NN cross sections corrected by Pauli blocking

The weak decay nucleons continuously change
energy, direction, charge and secondary nucle-
ons are emitted
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| Importance of Correlation Observables

With respect to single spectra studies, the treat-

ment of CORRELATION OBSERVABLES permits
a cleaner and more direct determination of I",,/T',

Single nucleon observables are more affected than
correlation observables by QM INTERFERENCE

EFFECTS between n— and p-induced processes

An experiment detecting single protons measures:
- A 2
'(pITFSI TWDI\I’H>}

) 2
nn, RY 4+ B {(p|Trsi|np, R'>l

= i& <p!TFSI

Twp|Vy) = ajnn, R) + Blnp, R')

— interference term

On the contrary, in the Monte Carlo simulations used to
determine I', /T", from data,the proton distributions
originating from n— and p-stimulated transitions are
added incoherently
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| RESULTS |

ANGULAR CORRELATIONS

iHe — IN induced

0.4 T e e e q
: _ no FSI ]
0.35 j —— with FSI |
I — withFSIland T, T > 30 MeV ]

o’ Tp
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015 F | :
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1 -0.6 ~0.2 0.2 0.6 1

COS Gn o

Figure 1: Opening angle distributions of primary np pairs
emitted per one—nucleon induced NMWD of 3 He

Table 1: Predictions for the weak decay rates
| y=Ir,+1, Iy TI,/T,

2 He 0.32 0.06  0.46

12C 0.55 0.14  0.34
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iHe — IN+2N induced

np T, T,> 30 MeV

0.16 s

0.1

0.05

: ——— — — .. TR
-1 -0.6 0.2 0.2 06 1
cos O

Figure 2: Opening angle distributions of nn, np and pp pairs
emitted per NMWD of 3 He
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C - 1IN+2N induced

T, T,>30 MeV |

0.15 .
- p ]

NN

01 2

005} DA ‘\h .
I _— T

- T
cos Oy

Figure 3: Angular distribution of nn, np and pp pairs emit-
ted per NMWD of }2C
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ENERGY CORRELATIONS

iHe — 1IN induced

o45———F————
[ no FSI — ]
0.4 - | — with FSI ]
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an :
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0 :_-—1 . N \ | | X . | . \ ! . T
0 50 100 150 200

T +T (MeV)

Figure 4: Kinetic energy sum distribution of primary np
pairs emitted per one-nucleon induced NMWD of 3 He
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"He — IN+2N induced

L e . A A S A |

02 - | —— Total | )
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Figure 5: Kinetic energy correlations of np pairs emitted per
NMWD of 3 He
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*’C —~ IN+2N induced
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Figure 7: Kinetic energy correlations of np pairs emitted per
NMWD of }2C
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Nllmber Of st
x I,
X I‘p

Denoting with N,,,, and N, the number of nucleons
emitted by the nucleus:

al =yl
I'n N Noun

EREE

].—‘p - \ ‘JJ N”p

Table 4: Predictions for | Nm, /Ny, for ZHe (cos Oy <

0.8 and IH = 30 2 V)

SEN 0.25 0.09
ONE 0.51 0.34
ONET 0.61 0.16

KEK-E462 | 0.5 +0.1

Data from: . (oo o i e ALY

ﬂ044+011|

[H. Octa HYPZO03]
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A model independent analysis of I',, /T,

4 Introduce the total number of NN pairs emitted per

NMWD:
Npn = 4\?,11]311 In + J\TI%EP FP + jV{IZE Iy
Fn + Fp "I‘ Fz
N ’ e jvlllﬁ ! Fn + i\TIIIE P FP + 47\7,;:;3 F 2
" r,+ Fp -+ I‘z

which define the six weak decay model-independent

quantities : NIB% (the number of nn pairs emitted
per neutron—induced NMWD), etc.
4 Consider then the ratio:

et T 1—\” TR ]__‘-—,, B o

Now T, T,
\/_”}‘ N T 1_‘."'4 4+ DR " - Fn + 1 + SERER
-V e ]__1 -t T ]—‘p -ty
I',/T,and - . | will be fitting parameters
L 4 Using the KEK-E462 data N, /Ny, = OMI we
obtain: [Ouwa] 044 to44
Fn | -
"= 0.3240T0] .= uol
I'y Sretau

b—j

Fn . .. )
( _ :Q,«Lf;-ér@’ﬂ) if - -H)
P 0.29 T 0.44
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Figure 10: Dependence of the ratio N, /N, on I';, /T, and
" for {Heand “T.
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I CONCLUSIONS I

With vespect to single spectia studies, the treatment |
of CORRELATION OBSERVABLES permits a cleaner §
and more direct determination of T'p /T, , with values in

g

sreement with pure theoretical predictions

a

4 KEK-E462 coincidence data for ?\He are well

reproduced by our calculations

4 From the model independent analysis :

= consliderablyv smaller than
BNL91: 0.93 = 0.55 KEK95: 1.97 £ 0.67

. : |
obtained by means of single nucleon spectra analyses.

4 New data for 1H (BNL) and }>C (KEK, JLAB,
FINUDA) will help to clarify the situation
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