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  1.	
  Hypertriton:	
  
Par6cle	
  content:	
  Λ+n+p	
  
Separa6on	
  energy:	
  B=130±50	
  KeV	
  
Smaller	
  life	
  6me	
  than	
  Λ	
  (?)	
  
Spin=1/2)	
  

Axel	
  Pérez-­‐Obiol	
   Nuclear	
  Physics	
  Ins6tute,	
  Rez	
   2	
  

	
  	
  

2.	
  Main	
  weak	
  decay	
  modes:	
  
mesonic	
  ΛàNπ	
   Non-­‐mesonic	
  ΛNàNN	
  

3.	
  Strong	
  final	
  
state	
  interac=ons	
  
(current	
  work)	
  

4.	
  Decay	
  products:	
  
3N 	
   	
  	
  	
  	
  	
  	
  	
  	
  	
  d+n	
   	
  	
  	
  	
  	
  	
  	
  3H,	
  3He	
  

Outline	
  

Previous	
  work	
  with	
  OME	
  poten6als:	
  
Golak	
  et	
  al.,	
  PRC56	
  (1997),	
  2892	
  	
  

At	
  least	
  ~10%	
  
(talks	
  of	
  Saito,	
  and	
  of	
  
4c:	
  Rappold,	
  Piano,	
  Xu)	
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Order Parity Structures

0 PC 1, ~�1 · ~�2

1 PV
~�1 · ~q, ~�1 · ~p, ~�2 · ~q, ~�2 · ~p,
(~�1 ⇥ ~�2) · ~q, (~�1 ⇥ ~�2) · ~p,

2 PC
~q 2, ~p 2, (~�1 · ~�2)~q 2, (~�1 · ~�2)~p 2, (~�1 · ~q )(~�2 · ~q ),

(~�1 · ~p )(~�2 · ~p ), (~�1 + ~�2) · (~q ⇥ ~p )

Table 1: All possible PC and PV NLO operational structures connecting the initial and
final spin and angular momentum states in the ⇤N ! NN process. There are a total of
thirteen.
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NLO	
  YN	
  and	
  NN	
  strong	
  
EFT	
  poten6als	
  
	
  
H.	
  Polinder,	
  J.	
  Haidenbauer,	
  U.G.	
  
Meissner,	
  NPA,	
  779,	
  244-­‐266,	
  2006	
  

	
  

5

d�3N =
128

9
⇡3MN

X

mJ3

X

m1m2m3
mt1mt2mt3

Z
dp12 p

2
12p

(3N)
3

Z
d✓ sin(✓)

⇥
����
D
 m1m2m3

mt1mt2mt3

���
✓
1 + Vs

1

E + i✏�H

◆
(1 + P )V w

12

��� 3
⇤H

E����
2

d�3N =
128

9
⇡3MN

X

mJ3

X

m1m2m3
mt1mt2mt3

Z
dp12 p

2
12p

(3N)
3

Z
d✓ sin(✓)

⇥
����
D
 m1m2m3

mt1mt2mt3

���
✓
1 + Vs

1

E + i✏�H

◆
(1 + P )V w

12

��� 3
⇤H

E����
2

d�3N =
128

9
⇡3MN

X

mJ3

X

m1m2m3
mt1mt2mt3

Z
dp12 p

2
12p

(3N)
3

Z
d✓ sin(✓)

⇥
����
D
 m1m2m3

mt1mt2mt3

���
✓
1 + Vs

1

E + i✏�H

◆
(1 + P )V w

12

��� 3
⇤H

E����
2

d�3N =
128

9
⇡3MN

X

mJ3

X

m1m2m3
mt1mt2mt3

Z
dp12 p

2
12p

(3N)
3

Z
d✓ sin(✓)

⇥
����
D
 m1m2m3

mt1mt2mt3

���
✓
1 + Vs

1

E + i✏�H

◆
(1 + P )V w

12

��� 3
⇤H

E����
2

Order Parity Structures

0 PC 1, ~�1 · ~�2

1 PV
~�1 · ~q, ~�1 · ~p, ~�2 · ~q, ~�2 · ~p,
(~�1 ⇥ ~�2) · ~q, (~�1 ⇥ ~�2) · ~p,

2 PC
~q 2, ~p 2, (~�1 · ~�2)~q 2, (~�1 · ~�2)~p 2, (~�1 · ~q )(~�2 · ~q ),

(~�1 · ~p )(~�2 · ~p ), (~�1 + ~�2) · (~q ⇥ ~p )

Table 1: All possible PC and PV NLO operational structures connecting the initial and
final spin and angular momentum states in the ⇤N ! NN process. There are a total of
thirteen.
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VΛNàNN	
  and	
  VΣNàNN	
  	
  calculated	
  with	
  EFT:	
  

	
  
•  Separa6on	
  of	
  scales:	
  son	
  (mπ,	
  q≈400	
  MeV)	
  and	
  hard	
  (mN)	
  	
  

•  Relevant	
  degrees	
  of	
  freedom:	
  π,	
  K,	
  N,	
  Λ	
  ,	
  Σ	
  (q=400	
  MeV)	
  

•  Symmetries:	
  chiral,	
  discrete	
  (PV)	
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Order Parity Structures

0 PC 1, ~�1 · ~�2

1 PV
~�1 · ~q, ~�1 · ~p, ~�2 · ~q, ~�2 · ~p,
(~�1 ⇥ ~�2) · ~q, (~�1 ⇥ ~�2) · ~p,

2 PC
~q 2, ~p 2, (~�1 · ~�2)~q 2, (~�1 · ~�2)~p 2, (~�1 · ~q )(~�2 · ~q ),

(~�1 · ~p )(~�2 · ~p ), (~�1 + ~�2) · (~q ⇥ ~p )

Table 1: All possible PC and PV NLO operational structures connecting the initial and
final spin and angular momentum states in the ⇤N ! NN process. There are a total of
thirteen.

Recent baryon-baryon EFTs 
 

Weak BB: 	
  J.-H. Jun (2001); A. Parreño, C. Bennhold, B.R. Holstein (2004); Zhu, S.-lin, C.M. Maekawa, B.R. Holstein, U.V. Kolck (2005). 
Strong YN: J. Haidenbauer, Ulf-G. Meiβner, H. Polinder (2006). 
Strong NN: R. Machleidt, D.R. Entem (2011); E. Epelbaum, H. Hammer, Ulf-G. Meiβner (2009). 
 



•  Weak	
  ver6ces:	
  phenomenological	
  Lagrangians	
  

•  Strong	
  ver6ces:	
  strong	
  chiral	
  Lagrangians	
  
•  OME	
  poten6als:	
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  EFT	
  in	
  hypernuclei	
  

+	
  +	
  LO:	
  

•  Contact	
  poten6al	
  at	
  LO	
  
•  LECs	
  must	
  be	
  fixed	
  by	
  the	
  experiment	
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Order Parity Structures

0 PC 1, ~�1 · ~�2

1 PV
~�1 · ~q, ~�1 · ~p, ~�2 · ~q, ~�2 · ~p,
(~�1 ⇥ ~�2) · ~q, (~�1 ⇥ ~�2) · ~p,

2 PC
~q 2, ~p 2, (~�1 · ~�2)~q 2, (~�1 · ~�2)~p 2, (~�1 · ~q )(~�2 · ~q ),

(~�1 · ~p )(~�2 · ~p ), (~�1 + ~�2) · (~q ⇥ ~p )

Table 1: All possible PC and PV NLO operational structures connecting the initial and
final spin and angular momentum states in the ⇤N ! NN process. There are a total of
thirteen.

Constraints	
  on	
  LO	
  LECs:	
  PRC84,	
  024606	
  (2011)	
  



Axel	
  Pérez-­‐Obiol	
   Nuclear	
  Physics	
  Ins6tute,	
  Rez	
   7	
  

ΛΝàNN	
  EFT	
  in	
  hypernuclei	
  

Λ N

N N

Λ N

N N

N Λ N

N NN

N

+	
   +	
  NLO:	
   +	
  (…)	
  +	
  

•  Dimensional	
  regulariza6on	
  
•  Many	
  more	
  structures	
  
•  Mass	
  differences	
  MΛ-­‐MN,	
  MΣ-­‐MN	
  considered	
  

•  Neglec6ng	
  ini6al	
  momenta	
  
reduces	
  the	
  number	
  of	
  LECs	
  

5

d�3N =
128

9
⇡3MN

X

mJ3

X

m1m2m3
mt1mt2mt3

Z
dp12 p

2
12p

(3N)
3

Z
d✓ sin(✓)

⇥
����
D
 m1m2m3

mt1mt2mt3

���
✓
1 + Vs

1

E + i✏�H

◆
(1 + P )V w

12

��� 3
⇤H

E����
2

d�3N =
128

9
⇡3MN

X

mJ3

X

m1m2m3
mt1mt2mt3

Z
dp12 p

2
12p

(3N)
3

Z
d✓ sin(✓)

⇥
����
D
 m1m2m3

mt1mt2mt3

���
✓
1 + Vs

1

E + i✏�H

◆
(1 + P )V w

12

��� 3
⇤H

E����
2

d�3N =
128

9
⇡3MN

X

mJ3

X

m1m2m3
mt1mt2mt3

Z
dp12 p

2
12p

(3N)
3

Z
d✓ sin(✓)

⇥
����
D
 m1m2m3

mt1mt2mt3

���
✓
1 + Vs

1

E + i✏�H

◆
(1 + P )V w

12

��� 3
⇤H

E����
2

d�3N =
128

9
⇡3MN

X

mJ3

X

m1m2m3
mt1mt2mt3

Z
dp12 p

2
12p

(3N)
3

Z
d✓ sin(✓)

⇥
����
D
 m1m2m3

mt1mt2mt3

���
✓
1 + Vs

1

E + i✏�H

◆
(1 + P )V w

12

��� 3
⇤H

E����
2

Order Parity Structures

0 PC 1, ~�1 · ~�2

1 PV
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2 PC
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(~�1 · ~p )(~�2 · ~p ), (~�1 + ~�2) · (~q ⇥ ~p )

Table 1: All possible PC and PV NLO operational structures connecting the initial and
final spin and angular momentum states in the ⇤N ! NN process. There are a total of
thirteen.
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•  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  and	
  other	
  structures	
  give	
  much	
  smaller	
  contribu6ons	
  
•  Fourier	
  transform	
  +	
  Dispersion	
  rela6ons	
  T.	
  Ericson,	
  W.	
  Weise,	
  Pions	
  and	
  Nuclei	
  (Oxford,	
  1988)	
  

Legend:	
  π,	
  K,	
  2π	
  (1)	
  ,	
  2π	
  (τ·∙τ)	
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Order Parity Structures

0 PC 1, ~�1 · ~�2

1 PV
~�1 · ~q, ~�1 · ~p, ~�2 · ~q, ~�2 · ~p,
(~�1 ⇥ ~�2) · ~q, (~�1 ⇥ ~�2) · ~p,

2 PC
~q 2, ~p 2, (~�1 · ~�2)~q 2, (~�1 · ~�2)~p 2, (~�1 · ~q )(~�2 · ~q ),

(~�1 · ~p )(~�2 · ~p ), (~�1 + ~�2) · (~q ⇥ ~p )

Table 1: All possible PC and PV NLO operational structures connecting the initial and
final spin and angular momentum states in the ⇤N ! NN process. There are a total of
thirteen.
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Table 1: All possible PC and PV NLO operational structures connecting the initial and
final spin and angular momentum states in the ⇤N ! NN process. There are a total of
thirteen.
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ΛΝàNN	
  EFT	
  in	
  hypernuclei	
  

2.	
  Find	
  itera=ve	
  equa=on,	
  	
  

1.	
  Solve	
  2-­‐body	
  force:	
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Table 1: All possible PC and PV NLO operational structures connecting the initial and
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•  Γ3Ν~10Γd+n	
  
•  K	
  destruc=ve	
  interference	
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ΛΝàNN	
  EFT	
  in	
  hypernuclei	
  

•  Exploring	
  the	
  parameter	
  
space	
  

•  LECs	
  with	
  opposite	
  signs	
  
interfere	
  construc=vely	
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Summary	
  	
  
&	
  Conclusions	
  

	
  
The	
  hypertriton	
  can	
  be	
  studied	
  with	
  precise	
  few-­‐body	
  techniques.	
  Its	
  weak	
  
non-­‐mesonic	
  decay	
  has	
  been	
  studied	
  complemen6ng	
  exact	
  wave	
  func6ons	
  
obtained	
  solving	
  Faddeev	
  equa6ons	
  with	
  the	
  leading	
  order	
  piece	
  of	
  the	
  weak	
  
ΛNàNN	
  transi6on	
  
	
  
	
  
We	
  have	
  developed	
  an	
  EFT	
  for	
  the	
  two-­‐body	
  ΛNàNN	
  transi6on	
  driving	
  the	
  
decay	
  of	
  hypernuclei.	
  
	
  
	
  
The	
  2π	
  exchange	
  mechanism	
  has	
  been	
  incorporated	
  sistema6cally	
  in	
  the	
  EFT.	
  
It	
  has	
  a	
  sizeable	
  effect	
  at	
  medium	
  and	
  short	
  ranges	
  and	
  should	
  play	
  an	
  
important	
  role	
  once	
  more	
  experimental	
  data	
  are	
  available.	
  
	
  
	
  
Due	
  to	
  the	
  lack	
  of	
  experimental	
  data	
  we	
  have	
  explored	
  the	
  decay	
  rate	
  as	
  a	
  
func6on	
  of	
  the	
  two	
  low-­‐energy	
  constants	
  appearing	
  at	
  leading	
  order.	
  
	
  
	
  
Current	
  and	
  future	
  work:	
  	
  
-­‐explore	
  the	
  effect	
  of	
  final	
  state	
  interac6ons	
  and	
  the	
  Σ	
  contribu6on.	
  
-­‐extend	
  the	
  work	
  to	
  mesonic	
  decays	
  and	
  to	
  A=4	
  hypernuclei.	
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Non-­‐mesonic	
  weak	
  decay	
  of	
  hypernuclei	
  
Experimental	
  measurements:	
   Theore=cal	
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Order Parity Structures

0 PC 1, ~�1 · ~�2

1 PV
~�1 · ~q, ~�1 · ~p, ~�2 · ~q, ~�2 · ~p,
(~�1 ⇥ ~�2) · ~q, (~�1 ⇥ ~�2) · ~p,

2 PC
~q 2, ~p 2, (~�1 · ~�2)~q 2, (~�1 · ~�2)~p 2, (~�1 · ~q )(~�2 · ~q ),

(~�1 · ~p )(~�2 · ~p ), (~�1 + ~�2) · (~q ⇥ ~p )

Table 1: All possible PC and PV NLO operational structures connecting the initial and
final spin and angular momentum states in the ⇤N ! NN process. There are a total of
thirteen.
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2.	
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  weak	
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