
An EFT for the weak interaction

Assumpta Parreño, Cornelius Bennhold, Barry R. Holstein

Dept. ECM, Universitat de Barcelona, Barcelona, Spain

George Washington University, Washington DC, USA

University of Massachusetts, USA

A. Parreño, HYP03, TJNAF, 10/14/2003 – p.1/22



Moti vation

Is it possible to build a model independent theory for the

� �� � � � � �
interaction?

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

Is this a valid scenario to learn something new on the interaction?

transitions?
SU(3) breaking?
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Hypernuclear decaycalculations/experimentsin finite nuclei

Hypern uclear lif etimes � Decay rates
Fair agreement for the NMD rates

M + NM 2N
nn np nnp
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neutron-to-proton ratio

� �
��  

!� ! �  � � �

� �� (FSI)

Experiment and theory getting closer

Study of double coincidence observables: KEK-E462 (H.
Outa’s talk)

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

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

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) PT: weak PC amplitudes
Energy released in 177 MeV ( MeV/c)
Successful low-energy expansion?
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EFT for the transition

Incorporate the correct long range behavior.
It must be built into the EFT

release of MeV ( MeV/c).
( MeV) and ( MeV): dynamical fields.

(supported by SU(3))

Add local correction terms to mimic the effect of excluded momenta

At leading order: LO contact terms

ΛΛ

π Κ+ +
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OPE and OKE potentials
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Contact terms

PV
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transitions:

 � b �  6 bP.

PC transitions:

"

partial wave operator order isospin

,
0
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Equivalently, build up the Lorentz invariant Lagrangian from:» ». » � � ». | »² � �. � ¼³ » � » � � � ¼ ». » � � � X ». | » � X »

n.r. reduction of

i

A. Parreño, HYP03, TJNAF, 10/14/2003 – p.10/22



Equivalently, build up the Lorentz invariant Lagrangian from:» ». » � � ». | »² � �. � ¼³ » � » � � � ¼ ». » � � � X ». | » � X »

 �

n.r. reduction of

» �n¾½ c �  � » �n¾½ b �

¤ � � � � � �n� n½ b � �n� n½ c �
` i b i c

� X � � n�� n �� i
i

� � ¼
� i � ¼ � � �n� n � � �n�� nW� �
` i i . | �n�� µ nW� � ¿
� i � | n�� n¾½ c� i c

�n�� µ nW� � ¿
� i

n�� n½ b� i b

� � � � � � �n�� nÀ½ b � �n�� nÀ½ c �` i b i c . n�� ¿ n�� nÀ½ b� i b � n�� nÀ½ c� i c n�� ¿ �

� � �n�� n½ b � �n�� n¾½ c �
` i b i c . �n¾½ b � n½ c � ¿
� i � | �n�� µ nW� � ¿
� i

� � � X � � n�� n½ b� i b � n�� n½ c� i c . n�� ¿ � n�� n�½ c� i c n� ¿ n� n�½ b� i b

A. Parreño, HYP03, TJNAF, 10/14/2003 – p.10/22



4Ppotential

�ºÁ Â �nW� � �
ÃÄÀÄ*ÄÀÄÅÄ*ÄÀÄÅÄ*Æ

ÄÀÄÅÄ*ÄÀÄÅÄ*ÄÀÄÅÇ

e++ � e b+ n�� bn�� c È ÉÊ Ë

Isospin part for the 4-fermion interaction:
¤ h [ e

IS

¤ � � e

IV

n�� bn�� c

Note that the

�� � � 
 �
rule is assumed.

Number of parameters:
to LO PC: 2

�

2 parameters

to LO PV: 2 3 2 parameters
to NLO PC: 2 3 4 2 parameters ... etc.
(Method: Migrad minimizer (Minuit, CERN))

A. Parreño, HYP03, TJNAF, 10/14/2003 – p.11/22



4Ppotential

�ºÁ Â �nW� � �
ÃÄÀÄ*ÄÀÄÅÄ*ÄÀÄÅÄ*Æ

ÄÀÄÅÄ*ÄÀÄÅÄ*ÄÀÄÅÇ

e++ � e b+ n�� bn�� c È ÉÊ Ë

� e+ b n�� bn �� i � e bb n�� c n �� i � | ec b �n�� b µ n� c � n �� Ìi È É Ê Í

Isospin part for the 4-fermion interaction:
¤ h [ e

IS

¤ � � e

IV

n�� bn�� c

Note that the

�� � � 
 �
rule is assumed.

Number of parameters:
to LO PC: 2

�

2 parameters
to LO PV: 2

�

3

�

2 parameters

to NLO PC: 2 3 4 2 parameters ... etc.
(Method: Migrad minimizer (Minuit, CERN))

A. Parreño, HYP03, TJNAF, 10/14/2003 – p.11/22



4Ppotential

�ºÁ Â �nW� � �
ÃÄÀÄ*ÄÀÄÅÄ*ÄÀÄÅÄ*Æ

ÄÀÄÅÄ*ÄÀÄÅÄ*ÄÀÄÅÇ

e++ � e b+ n�� bn�� c È ÉÊ Ë

� e+ b n�� bn �� i � e bb n�� c n �� i � | ec b �n�� b µ n� c � n �� Ìi È É Ê Í

� e+ c n�� bnW� n�� c n �` i i � e bc n�� bn�� c nW� c
` i i � ecc n � c
` i Ìi Î È ÉÊ Ë

Isospin part for the 4-fermion interaction:
¤ h [ e

IS

¤ � � e

IV

n�� bn�� c

Note that the

�� � � 
 �
rule is assumed.

Number of parameters:
to LO PC: 2

�

2 parameters
to LO PV: 2

�

3

�

2 parameters
to NLO PC: 2

�

3

�

4

�
2 parameters ... etc.

(Method: Migrad minimizer (Minuit, CERN))

A. Parreño, HYP03, TJNAF, 10/14/2003 – p.11/22



ÏÐÒÑ Ó

at LowestOrder

� �nW� � d F.T. d � �n 1 � � �n 1 � � �� �n 1 � � �s �n 1 � � �ÔÁ Â �n 1 �

meson range fm

A. Parreño, HYP03, TJNAF, 10/14/2003 – p.12/22



ÏÐÒÑ Ó

at LowestOrder

� �nW� � d F.T. d � �n 1 � � �n 1 � � �� �n 1 � � �s �n 1 � � �ÔÁ Â �n 1 �

� � �n 1 � � Õ Ö �×`Ø� 1 µ Ù e Ú¦ � n�� b n� c � e Û� � � 	
� 1 � 	�� 1 � c µ � bc � ¤1 �

� e ÂÜ� � � �
� 1 n�� c� ¤1 Ý µ � ¤ �. n� b n� c ¡

meson range fm

A. Parreño, HYP03, TJNAF, 10/14/2003 – p.12/22



ÏÐÒÑ Ó

at LowestOrder

� �nW� � d F.T. d � �n 1 � � �n 1 � � �� �n 1 � � �s �n 1 � � �ÔÁ Â �n 1 �

� � �n 1 � � Õ Ö �×`Ø� 1 µ Ù e Ú¦ � n�� b n� c � e Û� � � 	
� 1 � 	�� 1 � c µ � bc � ¤1 �

� e ÂÜ� � � �
� 1 n�� c� ¤1 Ý µ � ¤ �. n� b n� c ¡

�ºÁ Â �n 1 � �
ÃÄ*ÄÅÄÀÄ*ÄÅÄÀÆ

Ä*ÄÅÄÀÄ*ÄÅÄÀÇ

e++ � e b+ n�� bn� c È ÉÊ Ë

� � 1°c Ù e+ b n�� b ¤1� i � e bb n�� c ¤1� i � ec b �n� b µ n�� c � ¤1� Ìi
Ý È ÉÊ Í

µ Þ Ö 1 c °c
°c �  ßc µ � e�à Ú ¤ � � eà Ü n�� bn�� c ¡

° [ á meson range

â� o Ö bã p \^] 	ä

fm

A. Parreño, HYP03, TJNAF, 10/14/2003 – p.12/22



Finite nucleuscalculation for
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Incorporate the strong BB interaction

T−matrix

f(r)
B

B

B

1

1

B2

2

B’

B

B’

3

3

4

4

B

m Ln oqp rts u vxw Ln oqp ry oqp r

y op rts z|{ } ~ � ��"� � P � �p � } ~ � � �"� � m n n op r

a=0.5 fm, b=0.25 fm ~ �
, c=1.28 fm, n=2 T-matrix �� NSC97f
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Experimental data usedin the fit (10points)
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Strong interaction modeldependence
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Dependenceon the smearing( ) function
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Mor e recent(unpublished) data
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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
= 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.

Work in progress:
Error propagation under analysis
Go to NLO? Need of more independent data.

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

Gràcies.
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