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Weak decay of L in nuclei

• Two-body decays → Sharp pion momenta

A. Esser et al., Phys. Rev. Lett. 114, 232501 (2015)

Free L decay
Weak pionic two-body decay in light 
hypernuclei



Sequential decay of LL hypernuclei

• Double hypernuclei
mass depends on the
not well known L-L

binding energy ΔBΛΛ

→ Momentum of first
pion uncertain

ΛΛ

𝟕𝐇𝐞

π−

Λ

𝟕𝐋𝐢

𝟕𝐁𝐞
~109 MeV/c

~108 MeV/c

• Sequential pionic two-
body decay of double LL 

hypernuclei will produce
pairs of sharp pion
momenta

J. K. Ahn et al., Phys. Rev. Lett. 87, 132504 (2011)
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The E906 puzzle

• Double strangeness
exchange reaction (K-,K+) 
in 9Be target

• Measured momenta of two
correlated pions

Two dominant structures:

(104, 114) MeV/c : 
ΛΛ

4H;  More likely
ΛΛ

7He

(114, 133) MeV/c : 
Λ

3H+
Λ

4H

J. K. Ahn et al., Phys. Rev. Lett. 87, 132504 (2011)
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Why not 
Λ

3H+
Λ

4H? 

• Insufficient energy in 
case of Ξ

−
stopped in 9Be



Simulation of Ξ𝑟𝑒𝑠𝑡
− + 9Be using SMM

• Micro-canonical statistical multifragmentation model
• Extended to strangeness

A. S. Botvina, J. Pochodzalla, Physical Review C 76, 024909 (2007)

• Area of circles proportional to production yields
• Center given by pion momenta in two-body decays (ΔBΛΛ = 1 MeV)
• Branching ratios for pionic two-body decay not taken into account



Simulation of Ξ𝑟𝑒𝑠𝑡
− + 9Be using SMM

• No production channel can explain area of interest

• Note: ΛΛ
7He is far more likely to reproduce the first dominant 

structure



• Known nuclei cannot produce a signal in the area of interest of E906

• Including:
• Pionic two-body decay branching ratios
• E906 momentum resolution

Simulation of Ξ𝑟𝑒𝑠𝑡
− + 9Be using SMM



Simulations of energetic Ξ-+9Be nuclear reactions

• Simulations using GEANT4 
• Possible cases

• Decay in flight
• Stopped in target
• Nuclear reactions

• Nuclear reactions simulated with
GiBUU

• Total probability: both graphs
folded

• Resulting production probability

of P(
Λ

3H+
Λ

4H )= 1.6 ∙ 10−6

• Two orders of magnitude too low
to match experimental 
observation



Can 4ΛΛn solve the puzzle?

P. Pile, Production of hypernuclei at the AGS, talk given at VIII International 
Conference on Hypernuclear and Strange, Particle Physics (HYP2003).



Can 4ΛΛn solve the puzzle?

ΛΛ

4
n →

Λ

4
H + 𝛑−

Decay of
ΛΛ

4
n would yield pion momenta in the

observed region (114,133) MeV/c

Λ

4
H →

4
He + 𝛑−



Can 4ΛΛn solve the puzzle?

• SMM with
ΛΛ

4
n taken into

account

•
ΛΛ

4
n with 25% (left) and 

50% (right) pionic two-

body branching ratios



Can 4ΛΛn solve the puzzle?

• Relative signal strength in area of interest
• Yellow band marks experimental value of E906
• For branching ratio of 50%

• Good agreement found for
ΛΛ

4
n binding energies

between 1.5 - 4 MeV



•
ΛΛ

4
n may be bound

• Calculation still rather schematic

J.-M. Richard, Q. Wang, and Q. Zhao, Phys. Rev. C 91, 
014003 (2015) 

•
ΛΛ

4
n not bound

• Calculation using pionless effective field theory

• „Far from being bound“

L. Contessi, M. Schäfer, N. Barnea, A. Gal, J. Mareš, The 
onset of ΛΛ hypernuclear binding, arXiv:1905.06775 [nucl-
th]

Is 4
ΛΛn bound ?



Conclusion

• Decays of
ΛΛ

4
n could indeed solve the E906 puzzle

• Present work should not be considered as a direct proof

• Most consistent explanation at the moment

• Experimentally 
ΛΛ

4
n challenging to detect

• Current J-PARC E07 emulsion experiment
• Newly developed „vertex picker“ scanning system

• Further discussions and experimental activities needed to
solve the E906 puzzle

Thank you for your attention.
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