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Mot vation

s it possible to build a model independent theory for the |[AS| =1 AN
Interaction?

Can a low order EFT describe the present available data for AN — NN
(hypernuclear decay data)?

s this a valid scenario to learn something new on the |AS| = 1 interaction?
Al = 3/2 transitions?
SU(3) breaking?

Work partially supported by: HPRN-CT-2002-00311 (EU)
DGICYT BFM2002-01868 (Spain) SGR2001-64 (Catalunya)
DOE DE-FG02-95ER-40907 (US) NSF PHY-02-44801 (US)
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Hypernuclear decaycalculations/experimentsn finite nuclel

Hypern uclear lifetimes — Decay rates

Fair agreement for the NMD rates
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Hypernuclear decaycalculations/experimentsn finite nuclel

Hypern uclear lifetimes — Decay rates
Fair agreement for the NMD rates

I' = —|—F2N
= +L'nnp
e

Anp — nnp

47 = NN +4-2 7/
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neutron-to-proton ratio

nn 4 'y An—nn (ES) . | <1
np’” T, Ap—np I,

Experiment and theory getting closer
Study of double coincidence observables: KEK-E462 (H. Outa’s talk)

Theory: G. Garbarino’s talk, Garbarino, Parrefio, Ramos, PRL 91 112501 (2003)

T+T, (MeV)
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Effective Theories

Effective Field Theories based in chiral expansions

Remarkable success in the SU(2) sector

Idea: allow for all possible contact terms in the 4-fermion interaction
Lagrangian (model independent)

Leads to a finite number of "Low Energy Coefficients” (LEC) of order n

= CrO((37)™)

LEC's fitted to experimental data
= Systematic, stable (convergent) expansion
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Effective Theories

Effective Field Theories based in chiral expansions

Remarkable success in the SU(2) sector

Idea: allow for all possible contact terms in the 4-fermion interaction
Lagrangian (model independent)

Leads to a finite number of "Low Energy Coefficients” (LEC) of order n

= CrO((37)™)

LEC's fitted to experimental data
= Systematic, stable (convergent) expansion

Successful extension to SU(3)?
B. Borasoy'’s talk on friday
Significant degree of SU(3) breaking.
Problems facing SU(3) xPT: weak PC Y — Nz amplitudes

Energy released in (AN —+ NN), ~ 177 MeV (|p| ~ 417 MeV/c) =
Successful low-energy expansion?
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EFT for the AN — N N transition

Incorporate the correct long range behavior.

It must be built into the EFT
AN — NN = release of ~ 177 MeV (|p’| ~ 417 MeV/c).

— (mr~ 138 MeV) and (mg =~ 494 MeV): dynamical fields.
(supported by SU(3))

Add local correction terms to mimic the effect of excluded momenta
At leading order: m + K+ LO contact terms

N I\ I\ \|
A A A A
Tt
whSols + sh 2w+
A A A A
\| \|
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OPE and OKE potentials
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Contact terms

351 —>3 D (0'1 X(I)(O'QX(D q /MN
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4P potential
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4P potential

A. Parrefo, HYPO3, TINAF, 10/14/2003 — p.11/22



V(") at LowestOrder

A. Parrefio, HYPO3, TINAF, 10/14/2003 — p.12/22



V(") at LowestOrder

A. Parrefio, HYPO3, TINAF, 10/14/2003 — p.12/22
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Incor porate the strong BB interaction

Wan(r) = oa(r) f(r)
f(r) = (1 — e"’"Q/"?) 1 obr2er/e
a=0.5 fm, b=0.25 fm~—2, ¢=1.28 fm, n=2
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Experimental data usedin the fit (10 points)

I

Tn/Tp Tp A

2He | 0.41 £ 0.14[B91]
0.50 £ 0.07[K95]

0.93 + 0.55[B91] 0.21 £ 0.07[B91] | 0.24 % 0.22 [KOO]
1.97 4 0.67[K95]
0.50 & 0.10 [KO2]

B | 0.95 =+ 0.14[K95]

1.04175:59[B91] 0.307012[K95] | —0.20 & 0.10[K92]
2.16 + 0.58 1) 52[K95]
0.5910-17[B74]

2C | 0.83 £0.11[K98]
0.89 £ 0.15[K95]
1.14 + 0.2[B91]

1.3311-12[B91] 0.3170-18[k95] | —0.01 £ 0.10[K92]
1.87 £ 0.5919 22[K95]
0.5910 17[B74]

0.87 + 0.23[K02]
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RESULTS

i +K + LO + LO EXP:
PC PC+PV
INGREE) 0.42 0.23 0.43 0.44 0.41 + 0.14[B91]
0.50 + 0.07[K95]
n/p(} He) 0.09 0.50 (IR516) 0.55 0.93 + 0.55[B91]
0.50 = 0.10[KO02]
A(3 He) —0.25 —0.60 —0.80 0.15 0.24 + 0.22[K00]
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RESULTS

T +K | +LO + LO = GE
PC PC+PV
I'(5 He) 0.42 0.23 0.43 | 0.44 0.41 4 0.14[B91]
0.50 & 0.07[K95]
n/p(3He) | 0.09 0.50 0.56 | 0.55 0.93 4 0.55[B91]
0.50 & 0.10[KO02]
A(3 He) —0.25 | —0.60 | —0.80 | 0.15 0.24 4+ 0.22[K0O]
I'(3B) 0.62 0.36 0.87 | 0.88 0.95 & 0.14[K95]
n/p(3!B) | 0.10 | 043 | 0.84 | 0.92 1.0410-53[B91]
A(K'B) —0.09 | —0.22 | —0.22 | 0.06 —0.20 & 0.10[K92]
INGH®) 0.74 0.41 0.95 | 0.93 1.14 4 0.2[B91]
0.89 & 0.15[K95]
0.83 & 0.11[K98]
n/p(32C) 0.08 0.35 0.67 | 0.77 0.87 & 0.23[K02]
A(2C) —0.03 | —0.06 | —0.05 | 0.02 —0.01 + 0.10[K92]
e 0.98 | 1.50
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RESULTS

s +K | +LO + LO EXP:
PC PC+PV
INGREE) 0.42 0.23 0.43 | 0.44 (0.44) | 0.41 4 0.14[B91]
0.50 + 0.07[K95]
n/p(3 He) 0.09 0.50 0.56 | 0.55 (0.55) | 0.93 4 0.55[B91]
0.50 + 0.10[K02]
A(3 He) —0.25 | —0.60 | —0.80 | 0.15 (0.24) | 0.24 4 0.22[KOO|
I'(AB) 0.62 0.36 0.87 | 0.88 (0.88) | 0.95+ 0.14[K95]
n/p(i'B) | 0.10 | 043 | 0.84 | 0.92 (0.92) | 1.047%59[B91]
A(X'B) —0.09 | —0.22 | —0.22 | 0.06 (0.09) | —0.20 4 0.10[K92]
INGH®) 0.74 0.41 095 | 0.93 (0.93) | 1.14 £ 0.2[B91]
0.89 4 0.15[K95]
0.83 + 0.11[K98]
n/p(32C) 0.08 0.35 0.67 | 0.77 (0.77) | 0.87 % 0.23[K02]
A(R20) —0.03 | —0.06 | —0.05 | 0.02 (0.03) | —0.01 =+ 0.10[K92]
e 0.98 | 1.50 (1.15)
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Low-Energy Coefficients
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Low-Energy Coefficients
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Strong interaction model dependence

T+ K +LOPC+LOPV

NSCO7f NSC97a
T'(3 He) 0.44 0.44
n/p(3 He) 0.55 0.55
A(3 He) 0.24 0.24
I'(iB) 0.88 0.88
n/p(3'B) 0.92 0.92
A(K'B) 0.09 & 0.11 &
r'(32C) 0.93 0.93
n/p(32C) 0.77 0.78
A(2C) 0.03 & 0.03 &
CP —1.02+0.35 | —0.87 £ 0.46
C? —0.57+£0.29 | —0.53 £0.37
c} —0.474+0.17 | —0.53 £0.22
Ci 0.20 £0.19 | 0.25+0.16
Cs —0.484+£0.22 | —0.57£0.17
Crs 5.834+0.82 | 5.76 +0.74
Crv 1.52+0.24 | 1.5040.22
N 1.15 1.15
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Dependenceon the smearing (o) function

0 ~ 0.3fm 0 ~ 0.36fm 0 ~ 0.4fm
(= 900MeV) | (= 770MeV) | (= 500MeV)
I'(3 He) 0.44 0.44 0.44
n/p(3 He) 0.55 0.55 0.55
A(3 He) 0.24 0.24 0.24
' (AB) 0.88 0.88 0.88
n/p(3lB) 0.93 0.92 0.94
A(LB) $ 0.08 & $ 0.09 & $ 0.06
I'(32C) 0.93 0.93 0.93
n/p(32C) 0.78 0.77 0.78
A(32C) $ 0.02 & $ 0.03 & $0.02 &
o —1.914+0.56 | —=1.024+0.35 | —0.73 £0.19
o ~1.08£0.52 | —0.57+0.29 | —0.73 £0.16
C? —0.614+0.28 | —0.474+0.17 | —0.39 £ 0.26
Ci 024+0.35 | 0.20£0.19 | 0.17+0.26
C? —0.60+0.46 | —0.48+0.22 | —0.25+0.23
Crs 6.45+0.66 | 5.83+0.82 | 5.83+0.96
Crv 1.794+0.26 | 1.524+0.24 | 1.48+0.29
N 1.15 1.15 1.15
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Mor erecent(unpublished) data

A(3He) = 0.24 +0.22 — 0.09 4 0.08 Kang, KEK-PS E462 (2003)
A(32C) = —0.01 + 0.10 — 0.01 4 0.02 Maruta, KEK (2003)

YLO EXP:
PC + PV +LO
PC + PV
T'(iHe) 0.45 0.41 = 0.50 CO | 0.36+0.16
Y| ow | seroos C3 | ~041£0.25
A C . . . 0 D L
T(iB) 002 | 0.95+0.14 Or | —0.12£005
n/p(31B) 0.31 1-04i8122 C’; 0.13 = 0.06
A(3'B) ~0.03 | —0.20+0.10 C? 0.12 + 0.03
I'(,°C) 0.98 0.83 +1.14 C.. | 4.84+0.25
n/p(x°C) 0.28 0.87 £0.23 O | —9.49+0.88
12
JA42(A ) —0.01 0.01 % 0.02 v o
X 3.27
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Summary

We have presented our study of the nonmesonic weak decay
using an EFT framework to describe the weak interaction.

The long-range components were described with pion and
kaon exchange.
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Summary

We have presented our study of the nonmesonic weak decay
using an EFT framework to describe the weak interaction.

The long-range components were described with pion and
kaon exchange.

The short-range part is parametrized in leading-order PV and
PC contact terms.

We find coefficients of natural size with significant error bars,
reflecting the level of experimental uncertainty.

The largest contact term corresponds to an isoscalar,
spin-independent central operator.

There Is no indication of any contact terms violating the
ATl = 1/2 rule.
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We hope we have convinced you that EFT is a valid framework
for the study of the weak decay.

The next generation of data from recent high-precision weak
decay experiments currently under analysis holds the promise
to provide much improved constraints for studies of this nature.
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We hope we have convinced you that EFT is a valid framework
for the study of the weak decay.

The next generation of data from recent high-precision weak
decay experiments currently under analysis holds the promise
to provide much improved constraints for studies of this nature.

Work In progress:

¢ Error propagation under analysis

& Go to NLO? — Need of more independent data.

The np — Ap reaction at RCNP, Osaka (S. Minami’s talk on friday)

Gracies.
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