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Λ	
  Hyperon	
  

Made	
  of	
  u,	
  d	
  and	
  s	
  quarks	
  
Spin=1/2,	
  s=-­‐1,	
  Q=0,	
  I=0	
  
Mass=1115.683±0.006	
  MeV	
  
Life	
  %me	
  τ=(2.631±0.020)·∙10-­‐10s	
  
Free	
  decays:	
  Λànπ0	
  and	
  Λàpπ-­‐	
  (36:64)	
  
(ΔI=1/2	
  rule)	
  
No	
  stable	
  beams	
  

Hypernucleus	
  

Nucleus	
  made	
  of	
  Λ	
  and	
  nucleons	
  
n(π+,Κ+)Λ,	
  n(π-­‐,Κ-­‐)Λ,	
  p(e,e’Κ+)Λ, p(γ,K+)Λ	
  
(BNL, CERN, KEK, Jlab, DAPHNE, FAIR...)	
  
New	
  decay	
  modes:	
  ΛNàNN,	
  ΛNNàNNN	
  

2-­‐body	
  interac5on	
   Hypernuclear	
  
decay	
  observables	
   W.M.	
  Alberico	
  and	
  G.	
  Garbarino,	
  Phys.	
  Rept.	
  369	
  (2002)	
  	
  

Axel	
  Pérez-­‐Obiol	
   Universitat	
  de	
  Barcelona	
   3	
  

Introduc5on	
   LO	
  EFT	
   NLO	
  EFT	
   Summary	
  
Hypernuclei	
  &	
  EFT	
   Fit	
  &	
  resonance	
  satura%on	
   Diagrams	
  &	
  poten%als	
   LO	
  &	
  NLO	
  



Axel	
  Pérez-­‐Obiol	
   Universitat	
  de	
  Barcelona	
   4	
  

z	
  

N-­‐	
  (p)	
  

N+	
  (p)	
  

ΛZ 

•  Total	
  nonmesonic	
  decay	
  rate	
  Γ(ΛNàNN)	
  
•  nn/np	
  ßà	
  Γ(Λ	
  nànn)/Γ(Λ	
  pànp)	
  
•  Asymmetry	
  ≈	
  [N+	
  (p)-­‐N-­‐(p)]/[N+	
  (p)+N-­‐(p)]	
  

Experimental	
  values	
  (KEK):	
  
	
  

	
  
	
  

	
  
	
  
	
  
	
  
	
  
	
  
Future/ongoing	
  decay	
  experiments:	
  J-­‐Parc	
  (HYP2012)	
  

5
ΛHe	
   11

ΛB	
   12
ΛC	
  

Γ	
   0.50±0.07	
   0.95±0.14	
  
0.861±0.096	
  

0.828±0.087,	
  	
  
0.89±0.18,	
  0.83±0.11	
  

Γn/Γp	
   0.450±0.114	
   [0.6-­‐2.2]	
   0.51±0.14	
  

A 0.24±0.22,	
  
0.11±0.09,	
  	
  
0.07±0.08	
  

-­‐0.16±0.28+0.18	
  

3	
  Hypernuclear	
  Observables	
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•	
  SU(3)/SU(6)	
  symmetries	
  	
  	
  	
  	
  	
  à	
  	
  	
  	
  	
  Symmetry	
  breaking	
  effects	
  
	
  
	
  
	
  
•	
  Short	
  range:	
  heavy	
  mesons	
  à 	
   	
   	
   	
   	
  	
  	
  	
  	
  	
  	
  	
  	
  (we	
  don’t	
  really	
  know	
  what	
  

	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   	
  	
  	
  	
  	
  	
  	
  	
  	
  happens	
  at	
  such	
  short	
  range)	
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long-­‐range	
   short-­‐range	
  

ΛNàNN:	
  One	
  Meson	
  Exchange	
  model	
  

COUPLINGS	
  &	
  FORM	
  FACTORS	
  
EXPERIMENTALLY	
  
NOT	
  KNOWN:	
  

SU(3)	
  &	
  SU(6)	
  NEEDED	
  

rangeρ	
  ~	
  0.25	
  fm	
  

rΛ	
  ~	
  1	
  fm	
  

rN	
  ~	
  1	
  fm	
  

Introduc5on	
   LO	
  EFT	
   NLO	
  EFT	
   Summary	
  
Hypernuclei	
  &	
  EFT	
   Fit	
  &	
  resonance	
  satura%on	
   Diagrams	
  &	
  poten%als	
   LO	
  &	
  NLO	
  



Building	
  the	
  EFT	
  for	
  the	
  ΛNàNN	
  decay	
  

•  Separa%on	
  of	
  scales	
  à	
  so{	
  (pions)	
  and	
  hard	
  (rho	
  meson/baryons)	
  
	
  
•  Relevant	
  degrees	
  of	
  freedom	
  	
  

	
  à	
  π,	
  K,	
  N,	
  Λ	
  ,	
  Σ	
  (q=300-­‐400	
  MeV)	
  
	
  
•  Symmetries	
  (and	
  symmetry	
  breakings)	
  	
  

	
  à	
  Chiral,	
  discrete	
  (PV)	
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Expansion	
  q/M	
  
(Weinberg	
  power	
  coun%ng	
  
+	
  Heavy	
  Baryon	
  expansion)	
  

Recent baryon-baryon EFT’s 
 

Weak YN: 	
  Jung-Hwan Jun (2001); A. Parreño, C. Bennhold, and B.R. Holstein (2004-05);	
  
Parreño, A., Bennhold, C, Holstein, B.R., NPA (2004). 
Weak NN: Zhu, S.-lin, Maekawa, C. M., Holstein, B. R., & Kolck, U. V., NPA (2005). 
Strong YN: Haidenbauer, J., NPA (2010). Haidenbauer, J., Meiβner, Ulf-G., Polinder, H., NPA 779 (2006) 
Strong NN: Machleidt, R., & Entem, D. R., PR (2011); Epelbaum, E., Hammer, H., Meiβner Ulf-G., RMP 
(2009). 
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
σ 2
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)()()()( 4 qVqVqVqV PK


++= π

21
1
0

0
04 )( σσ


⋅+= CCqV P

Γ fi =
d3kr
(2π )3∫ d3kCM

(2π )3∫ 1
2J +1

(2π )δ MH −ER −E1 −E2( )
MI ,{R},{1}{2}
∑ M fi

2

M fi = d3rΨ f
* (r)V (r)∫ Ψ i (r)

Hypernuclear	
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  rate:	
  

Amplitude:	
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)()()()( 4 qVqVqVqV PK


++= π

21
1
0

0
04 )( σσ


⋅+= CCqV P

Γ fi =
d3kr
(2π )3∫ d3kCM

(2π )3∫ 1
2J +1

(2π )δ MH −ER −E1 −E2( )
MI ,{R},{1}{2}
∑ M fi

2

M fi = d3rΨ f
* (r)V (r)∫ Ψ i (r)

Hypernuclear	
  
decay	
  rate:	
  

Amplitude:	
  

2	
  models	
  to	
  obtain	
  strong	
  couplings	
  &	
  final	
  NN	
  wave	
  
func%ons	
  (Nijmegen	
  So{-­‐Core	
  97f	
  and	
  Jülich	
  B)	
  

Residual	
  nucleus	
  
+NN	
  (t-­‐matrix)	
  

Shell	
  model,	
  
weak	
  coupling	
  
Scheme	
  for	
  Λ,	
  

Uncouple	
  N	
  (F.P.C.),	
  
Harmonic	
  Oscillator	
  w.f.	
  

2-­‐body	
  poten%al	
  
Hypernuclear	
  code	
  

+MINUIT	
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)()()()( 4 qVqVqVqV PK


++= π

V4P
LO =C0

0 +C0
1 σ1 ⋅


σ 2

F i gu re	
   1 :	
   Hype rnuc l ea r	
   de cay	
  
observables	
   (total	
   and	
   par%al	
   decay	
  
rates	
  and	
  asymmetry	
   for	
   5ΛHe,	
   11ΛB	
  and	
  
12

ΛC),	
  including	
  their	
  error	
  bars	
  and	
  their	
  
fi�ed	
   values.	
   The	
   total	
   decay	
   rates	
   are	
  
in	
  units	
  of	
  the	
  Λ	
  decay	
  rate	
  in	
  free	
  space	
  
(ΓΛ	
   =3.8	
   ×	
   109s-­‐1).	
   All	
   the	
   quan%%es	
   are	
  
adimensional.	
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Phys.	
  Rev.	
  C	
  84,	
  024606	
  (2011)	
  
A.	
  Pérez-­‐Obiol,	
  A.	
  Parreño,	
  B.	
  Juliá-­‐Díaz	
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EFT:	
  Vπ	
  +	
  VΚ	
  +	
  C00	
  +	
  C01σ1·∙σ2	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  OME:	
  Vπ	
  +	
  VΚ	
  +	
  Vη	
  +	
  Vρ	
  +	
  Vω	
  +	
  VK*	
  	
  	
  	
  	
  	
  

C00
OME +C01

OMEσ1·σ 2	
  	
  	
  	
  	
  

	
  	
  	
  	
  	
  

2

22

2

22

1)( ⎟⎟
⎠
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+Λ

Λ

+
∝
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qV

i
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C0
0 =

gΛNK*
V

mK*
2 −

CK*
PC,V

2
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PC,V#

$
%

&

'
(+

gNNω
V αω

mω
2 −

2gNNρ
V αρ

mρ
2

)

*
+
+

,

-
.
.
mπ
2,

€ 

C0
1 = −

gΛNK*
V CK*

PC ,V

2mK*
2 −

gNNρ
V αρ

mρ
2

& 

' 
( 

) 

* 
+ mπ

2

Resonance saturation in NN: Epelbaum, E., Meißner, U-G., Glöckle, W., & Elster, C., PRC (2002) 

g:	
  strong	
  
C,	
  D,	
  α:	
  weak	
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EFT:	
  Vπ	
  +	
  VΚ	
  +	
  C00	
  +	
  C01σ1·∙σ2	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  OME:	
  Vπ	
  +	
  VΚ	
  +	
  Vη	
  +	
  Vρ	
  +	
  Vω	
  +	
  VK*	
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Figure	
   2:	
   We	
   plot	
   (for	
   the	
   Jülich	
   model)	
  
the	
  dependence	
  of	
  the	
  coefficient	
  on	
  the	
  
weak	
   Aσ	
   coupling,	
   represented	
   by	
   the	
  
shaded	
  blue	
   area,	
   and	
   compare	
   it	
   to	
   the	
  
fi�ed	
  EFT	
  value	
  (solid	
  orange	
  area).	
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*R. Machleidt, Adv. Nucl. Phys. 19, 189 (1989) 

Other	
  works	
  with	
  sigma	
  meson	
  in	
  hypernuclear	
  decay:	
  K.	
  Sasaki,	
  M.	
  Izaki,	
  M.	
  Oka,	
  PRC71,	
  035502	
  (2005)	
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Possible	
  structures	
  given	
  
two	
  momenta:	
  

Contact	
  interac%on	
  
poten%al	
  neglec%ng	
  
ini%al	
  momenta:	
  

•  Short	
  range:	
  q/M	
  expansion	
  up	
  to	
  (q/M)2	
  

NLO	
  (q/M)1	
  and	
  	
  NNLO	
  (q/M)2	
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NLO	
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  integrals	
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NLO	
  (q/M)1	
  and	
  	
  NNLO	
  (q/M)2	
  master	
  integrals	
  

Introduc5on	
   LO	
  EFT	
   NLO	
  EFT	
   Summary	
  
Hypernuclei	
  &	
  EFT	
   Fit	
  &	
  resonance	
  satura%on	
   Diagrams	
  &	
  poten%als	
   LO	
  &	
  NLO	
  



•  Poten%al	
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Computed	
  
numerically	
  

NLO	
  (q/M)1	
  and	
  	
  NNLO	
  (q/M)2	
  poten5als	
  

Introduc5on	
   LO	
  EFT	
   NLO	
  EFT	
   Summary	
  
Hypernuclei	
  &	
  EFT	
   Fit	
  &	
  resonance	
  satura%on	
   Diagrams	
  &	
  poten%als	
   LO	
  &	
  NLO	
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Λ N

N NN

Λ N

N NN

N

Λ N

N N

N

Λ N

N N

Σ

Λ N

N N

NLO	
  (q/M)1	
  and	
  	
  NNLO	
  (q/M)2	
  poten5als	
  for	
  3S1à3S1	
  	
  

Introduc5on	
   LO	
  EFT	
   NLO	
  EFT	
   Summary	
  
Hypernuclei	
  &	
  EFT	
   Fit	
  &	
  resonance	
  satura%on	
   Diagrams	
  &	
  poten%als	
   LO	
  &	
  NLO	
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Current	
  &	
  future	
  work:	
  Hypertriton	
  (LO)	
  decay	
  
with	
  Andreas	
  Nogga	
  (IKP,	
  Jülich)	
  

	
  N	
  

Ini%al	
  wave	
  func%on	
  calculated	
  with	
  2N	
  &	
  3N	
  EFT	
  strong	
  poten%als	
  

Final	
  state	
  interac%ons	
  with	
  EFT	
  poten%als:	
  3N	
  break	
  up	
  &	
  deuteron+N	
  

π	
  
t	
  



Summary	
  	
  
&	
  Conclusions	
  

We	
  have	
  developed	
  an	
  EFT	
  for	
  the	
  two-­‐body	
  ΛNàNN	
  transi%on	
  
driving	
  the	
  decay	
  of	
  hypernuclei.	
  
	
  
The	
  numerical	
  values	
  for	
  the	
  LO	
  EFT	
  LECs	
  have	
  been	
  obtained	
  by	
  
fi�ng	
  the	
  available	
  experimental	
  data	
  for	
  hypernuclear	
  decay	
  
observables.	
  
	
  
We	
  have	
  compared	
  the	
  LO	
  EFT	
  to	
  the	
  OME	
  and	
  have	
  wri�en	
  the	
  LO	
  
LECs	
  in	
  terms	
  of	
  meson	
  couplings	
  and	
  masses.	
  
	
  
The	
  experimental	
  database	
  of	
  hypernuclear	
  decay	
  observables	
  can	
  be	
  
described	
  with	
  good	
  accuracy	
  within	
  a	
  LO	
  EFT	
  supplemented	
  by	
  the	
  
pion	
  and	
  kaon	
  meson	
  exchanges.	
  
	
  
The	
  2π	
  exchange	
  mechanism	
  has	
  been	
  incorporated	
  sistema%cally	
  in	
  
the	
  EFT.	
  
	
  
In	
  progress:	
  Reduce	
  the	
  model	
  dependencies	
  coming	
  from	
  the	
  strong	
  
BB	
  interac%on	
  by	
  using	
  EFT	
  in	
  the	
  strong	
  sector.	
  
	
  
Expected	
  PhD	
  defense	
  in	
  a	
  few	
  months	
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Thanks!	
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•  Strong	
  chiral	
  Lagrangian	
  

	
  
•  Weak	
  phenomenological	
  Lagrangian	
  

•  Weak	
  chiral	
  Lagrangian	
  
	
  

LS = i·Tr Bγ
µ Vµ,B!" #$( )−D·Tr Bγ µγ 5 Aµ,B!" #$( )−F·Tr Bγ µγ 5 Aµ,B{ }( )

§  Reproduces	
  Decay	
  
§  No	
  chiral	
  symmetry	
  
§  Mixes	
  q/M	
  orders	
  

LW
ΔS=1 = −iGFmπ

2ψ
i
N (AΣ

i +B
Σ

iγ5 )·φ π

i
ψ

Σ

i

LW
ΔS=1 = DW ·Tr B ξ +λ6ξ,B{ }( )+FW ·Tr B ξ +λ6ξ,B"# $%( )

§  Can’t	
  reproduce	
  decay	
  
§  Chiral	
  symmetry	
  

NLO	
  (q/M)1	
  and	
  	
  NNLO	
  (q/M)2	
  



Sub-­‐leading	
  and	
  leading	
  (q/M)0	
  orders	
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•  Strong	
  chiral	
  Lagrangian	
  

	
  

•  Weak	
  phenomenological	
  Lagrangian	
  

•  Contact	
  Interac%ons	
  

LS = i·Tr Bγ
µ Vµ,B!" #$( )−D·Tr Bγ µγ 5 Aµ,B!" #$( )−F·Tr Bγ µγ 5 Aµ,B{ }( )

LW
ΔS=1 = −iGFmπ

2ψ N (AΛ +BΛγ5 )τ ·φπψΛ
0
1

$

%
&

'

(
)

LW
ΔS=1 = −iGFmπ

2 ψ N
0
1

$

%
&

'

(
)(CK

PV +CK
PCγ5 )· φ K( )

†
ψN +ψ NψN (DK

PV +DK
PCγ5 )· φ K( )

† 0
1

$

%
&

'

(
)

*

+
,
,

-

.
/
/

C0
0 +C0

1 σ1 ⋅

σ 2

§  Reproduces	
  Decay	
  
§  No	
  chiral	
  symmetry	
  
§  Mixes	
  q/M	
  orders	
  (BΛ≈7,AΛ≈1)	
  



Decay	
  amplitude:	
  

plane	
  wave	
   rescaaering	
  

weak	
   weak	
  strong	
  

Solve:	
  



Solving	
  the	
  rescaaering	
  part	
  

using:	
  	
  



Solving	
  the	
  rescaaering	
  part	
  

solve	
  2-­‐body	
  force:	
  

using:	
  	
  

iterate	
  U	
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ΓNM / ΓΛ 
Theore%cal	
  predic%ons	
  OME	
  

KEK, E462, E508 KEK, E462, E508 

5
ΛHe	
   12

ΛC	
  

long-­‐range	
   short-­‐range	
  

ΛNàNN:	
  One	
  Meson	
  Exchange	
  model	
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M fi = d3rΨ f
* (r)V (r)∫ Ψ i (r)Amplitude:	
  

Residual	
  nucleus	
  
+NN	
  (t-­‐matrix)	
  

Shell	
  model,	
  
weak	
  coupling	
  
Scheme	
  for	
  Λ,	
  

Uncouple	
  N	
  (F.P.C.),	
  
Harmonic	
  Oscillator	
  w.f.	
  

2-­‐body	
  poten%al	
  
Hypernuclear	
  code	
  

+MINUIT	
  


