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Outline

1. Hypertriton:
Particle content: A+n+p ?
Separation energy: B=130+50 KeV
Smaller life time than A (?)

Spin=1/2 At least ~10%
(talks of Saito, and of 2. Main weak decay modes:
4c: Rappold, Piano, Xu) ) ]
mesonic ANt Non-mesonic AN>NN
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4. Decay products:
d+n 3H, 3He

3N
Previous work with OME potentials: ° O o
Golak et al., PRC56 (1997), 2892 0
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3. Strong final
state interactions
(current work)




AN—2>NN EFT in hypernuclei
3N = 128 3MNZ Z /dp12p12p3 /d@sm(@)
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AN—2>NN EFT in hypernuclei
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NLO YN and NN strong
EFT potentials

H. Polinder, J. Haidenbauer, U.G.
Meissner, NPA, 779, 244-266, 2006
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AN—2>NN EFT in hypernuclei
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V nasny @and Vs calculated with EFT:

e Separation of scales: soft (m_, q=400 MeV) and hard (m,)
 Relevant degrees of freedom: i, K, N, A, Z (q=400 MeV)

e  Symmetries: chiral, discrete (PV)

Recent baryon-baryon EFTs

Weak BB: J.-H. Jun (2001); A. Parrefio, C. Bennhold, B.R. Holstein (2004); Zhu, S.-lin, C.M. Maekawa, B.R. Holstein, U.V. Kolck (2005).
Strong YN: J. Haidenbauer, UIf-G. Meifner, H. Polinder (2006).
Strong NN: R. Machleidt, D.R. Entem (2011); E. Epelbaum, H. Hammer, UIf-G. Meiner (2009).
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AN—2>NN EFT in hypernuclei
3N = 128 3MNZ Z /dp12p12p3 /d@sm(@)
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« Contact potential at LO  Weak vertices: phenomenological Lagrangians

e LEC t be fixed by th ' t
s must be fixed by the experimen LASl leUJN(A +BA)/5)T¢ l/JA( )

e Strong vertices: strong chiral Lagrangians
Vir(q) = Coo + Co1(01 - 02) « OME potentials:

S (2 B, - _| 6,
V,(q)=-Gpm} =2 (AM— u ol~q) 2

2 -2 2
2M 2M,, —qy +q" +m,
. with u=m, K; A_=A7,-T,, B, =B.7, T,,
Constraints on LO LECs: PRC84, 024606 (2011) R o ke cre
Ag=— +D§V+?fl-f2, B, ==K +DI+ =K 7 -1,
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AN—2>NN EFT in hypernuclei
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* Neglecting initial momenta
reduces the number of LECs

 Dimensional regularization

Vap(7) = Coo + Co1(01 - 02) e Many more structures
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AN—2>NN EFT in hypernuclei
3N = 128 SMNZ Z /dp12p12p3 /d@sm(@) Y
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« (- p), &1 - (¥ x p) and other structures give much smaller contributions

* Fourier transform + Dispersion relations T. Ericson, W. Weise, Pions and Nuclei (Oxford, 1988)

Axel Pérez-Obiol Nuclear Physics Institute, Rez



AN—2>NN EFT in hypernuclei
M3V = 128 3MNZ Z /dp12p12p3 /dﬁsin(ﬁ)
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1. Solve 2-body force: (1 + £12Gp)(1 — V12Gp) =1
2. Find iterative equation, G = Gy + GoV G

U =t12Go(1+ P)V|¢a i) + (1 + t12Go)VisaGo(1 + P)V*|¢a )
+t12GoP|U) + (1 + t12Go)Vi5aGo(1 + P) )|U)
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AN—2>NN EFT in hypernuclei

128
Y = =My Z Z / dp1s P2yt / df sin(6)
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Larn (s71) | Tan (s77)
Fn“10Tq., m | 0.54-107 | 0.57-10®
K destructive interference T+ K | 015-107 | 0.18 - 108
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AN—2>NN EFT in hypernuclei
3N — 128 3MNZ Z /dp12p12p3 /d@sm(@)
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* Exploring the parameter
space s

* LECs with opposite signs
interfere constructively

Axel Pérez-Obiol Nuclear Physics Institute, Rez 11



Summary
& Conclusions

Thanks

Axel Pérez-Obiol

The hypertriton can be studied with precise few-body techniques. Its weak
non-mesonic decay has been studied complementing exact wave functions

obtained solving Faddeev equations with the leading order piece of the weak
AN—>NN transition

We have developed an EFT for the two-body AN—> NN transition driving the
decay of hypernuclei.

The 2rt exchange mechanism has been incorporated sistematically 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
function of the two low-energy constants appearing at leading order.

Current and future work:

-explore the effect of final state interactions and the  contribution.
-extend the work to mesonic decays and to A=4 hypernuclei.
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k= AN->NN EFT in hypernuclei
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LO LECs fit to the data
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k= AN->NN EFT in hypernuclei

g
oL E LO LECs fit to the data

contact+mn+K
Cl 09l observables :-®-- ‘ ¥
. L e [X
O s} c @
o [ i I :
31 0
| 0 06 — -
: : — N o
5 3 -4} 1 3 %5 é
X ;
|:|37
- 03¢+ E] E]
=426 (Jiilich) X %°=3.89 (Nijmegen) [ :
x=4.58 (Jiilich) X %'=13.43 (Nijmegen) [] 0= | Q@I ~ | . J ~ )
~
T T T e et
RN 2 R SRR SE e

Axel Pérez-Obiol Nuclear Physics Institute, Rez 14



-‘ == AN->NN EFT in hypernuclei
RIEN LO LECs fit to the data
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-‘ == AN->NN EFT in hypernuclei
RIEN LO LECs fit to the data
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-‘ == AN->NN EFT in hypernuclei
RIEN LO LECs fit to the data
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= AN->NN EFT in hypernuclei

EFT fits and OME
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Non-mesonic weak decay of hypernuclei

Experimental measurements: Theoretical descriptions:
Z Z /dp P2 /dQSm(Q) 1
G =I',+T
<\IJ ﬁ$§%i3’<l+%ﬁ> 1+PVWLZ) Tnm
@ N Fz:n,g%) o P (N2 )N,
(T .0 I, 2 N;V 2\ N,
Bl (wmiam, \ (1+ PYViS |
128 — S = 3 2 I(M >M COS( )NM
gy 3 [l [obd = 77 > (M) YUNEN;
: 1+Vsﬁ>(1+PVUJ‘¢A >2
X Y4

e /lﬁ@éﬁw ity /d‘ﬁﬂﬁdtonS'

—7 4 X p
B
<@mmm’"% <1+YW) *IBP-VWA ‘(%)) _____ R V

Axel Pérez-Obiol Nuclear Physics Institute, Rez

19



Outline

1. Hypertriton:

Particle content: A+n+p ?
Separation energy: B=130+50 KeV

Life time 1=216 "1 ps (1,=263.1+2.0 ps)
Spin=1/2 (Rappold, Phys. Lett. B728)

2. Main weak decay modes:
mesonic ANt Non-mesonic AN—-> NN

-8 P9

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

Previous work with OME potentials: O o
Golak et al., PRC56 (1997), 2892
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3. Strong final
state interactions
(current work)




