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Partially-Quenched QCD
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Lorentz-symmetry breaking
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four-quark operators

External axial currents: Lüscher et al (1996)

contribute new local operators in the low-energy EFT
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from lattice QCD?

S-matrix elements from finite volumes
EFT in a Box
NN NN

N N

Hypernuclear decays and the Hyperon puzzle
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EFT �� in a Box
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� � � Integrate out the pion

EFT of contact operators:

S-matrix + + ...+

Unitary in (partially-)quenched theory!
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The Infrared Fixed Point
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Savage, SB (2003)

� � � � � �
�

� � � �

Lattice data : QQCD from Fukugita (1995)
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Quenching NN
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PQ Scattering Lengths

Savage,SB (2002)

�

 � �� � � � � �

� 



 �

� � � � � � � � �� � �� � � � � �� �

� 



 �

� � � � � � � � �� � �� �

� � � � � �� � � � �� �

� � �
 � 


� � � �
�

� �� � � �
� �

� �
� � � � � � � � � � � � � � � � �

� � �
�

� 


� � � � � � �� � � � �� �
�� � �
� �

� �
� � �

� �

�
� �

�

� � is unknown!

INT 11/2003 – p.23/30



PQ Scattering Lengths

Savage,SB (2002)

�

 � �� � � � � �

� 



 �

� � � � � � � � �� � �� � � � � �� �

� 



 �

� � � � � � � � �� � �� �

� � � � � �� � � � �� �

� � �
 � 


� � � �
�

� �� � � �
� �

� �
� � � � � � � � � � � � � � � � �

� � �
�

� 


� � � � � � �� � � � �� �
�� � �
� �

� �
� � �

� �

�
� �

�

� � is unknown!


 � � �� � � � �
 � 



 � � � � ��
� � �

�

� 


�� � � � � ��
� �� � � � ��

� ��

INT 11/2003 – p.23/30



Hypernuclear physics
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Two parameters at NLO:

Match to and at Finite-L!

Can lattice QCD compete with experiment?
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Experimental Situation
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Hypernuclear decay

Parreño,Bennhold,Holstein (2003)

Reasonable fits in -PT to , and

nΛ n

n n

Issues:

Hyperon non-leptonic decays in

Do problems in Hyperon non-leptonic decays persist in ?
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Primer on the Hyperon Puzzle
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Conclusions

�

Lattice QCD scales: gauge-invariant IR (L) and UV (a) cutoffs.

�

Scales sufficiently separated to allow EFT construction.

�

Cost and desirability of “knobs” suggest (partial-)quenching.

�

Finite-a effects calculable in EFT.

�

The ��� dependence of NN depends on parameter not constrained by experiment.

�

The

�

N phase shifts are poorly known.

�

Finite-L trickery will allow extraction of low-energy NN and

�

N S-matrices.

�

EFT of hypernuclear decay requires resolution of the hyperon puzzle

The Future

Hadronic and Nuclear Data
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