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non-mesonic decay branching ratio  (6×10-4)
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Γ(Λn→nn)/Γ(Λp→np) ratio 
n/p spectra from A=5 12 S Okada et al PLB 597 (2004) 249-256

5
ΛHe (E462) and 12

ΛC (E508) formed via (π+,K+) reaction w/ SKS

n/p spectra from A=5,12 S. Okada et al.     PLB 597 (2004) 249-256
A=  5 B.H. Kang et al. PRL 96 (2006) 062301
A=12   M. Kim et al.                                   PLB 641 (2006) 28 

Asymmetry parameterAsymmetry parameter 
T. Maruta et al. nucl-ex/0509016;  EPJ A33(2007) 255-258 

Mesonic & non-mesonic decay widths
S. Kameoka et al. Nucl. Phys. A754 (2005) 173c-177cy ( )
S. Okada et al. Nucl. Phys. A754 (2005) 178c-183c

Two nucleon-induced NMWD (ΛNN→NNN)  
A=12   M. Kim et al.                                     PRL submitted (→ Parallel 2-B) 

Weak decay mode of Weak decay mode of ΛΛ hypernucleushypernucleusWeak decay mode of Weak decay mode of ΛΛ hypernucleushypernucleus
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Charged particles from 5 He

Charged PIDCharged PIDNeutral PIDNeutral PID
Neutral particles from 12 C Charged particles from  5ΛHeNeutral particles from  12

ΛC

Sensitive to all the decay modes

Constant 
background 
very small

PID function1 / β spectrumβ p
Good γ n separation Good π p d separation
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KEK-PS E462/E508
NMWD :  ΛN→NN

Direct measurement 
of the Γn / Γp ratio
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π+K+DQ
π+K,OME can reproduce
Γn/Γp ratio but predict 
large negative αNMlarge negative α
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π+K+DQ
π+K,OME can reproduce
Γn/Γp ratio but predict 
large negative αNMlarge negative α

π+K+σ
Γn/Γp and αNM can be

d d b
OME

π+K+σ reproduced  by
π+K+σ+DQ model
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Comparison with recent calculations
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π+K+DQ
π+K,OME can reproduce
Γn/Γp ratio but predict 
large negative αNM

π+2π/ρ+2π/σ+ω+Κ+ρπ/a1
Calculation 
b  It large negative αby Itonaga
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MesonicMesonic decay widths??decay widths?? 6

＊ Important to study the NMWD widths
Br(NMWD) = 1 － Br(π－) － Br(π0)
Γnm = 1/τ× Br(NMWD)

σ=119ps

217 ± 6τ = 217 ± 6 ps
for 12

ΛCf Λ



MesonicMesonic decay widths??decay widths?? 6

＊ Important to study the NMWD widths
Br(NMWD) = 1 － Br(π－) － Br(π0)
Γnm = 1/τ× Br(NMWD)5

ΛHe g.s.
quasi freeq

inclusive
N (inc) ≥ 20 MeVee

ADC sum w/ ADC sum w/ GeantGeant simsim

= 42040
≥ 20 MeVee

σ=119ps

217 ± 6
w/ gamma

τ = 217 ± 6 ps
for 12

ΛC
N (w/ γ)
= 848 bπ0 = N (w/ γ) / N (inc) × eff

= 0.212±0.008f Λ 0.212±0.008



Γπ- and Γπ
0 for 5ΛHe ７

ΓΛ
ΓΛ

Γπ- Γπ0

0.207±0.013 ΓΛ

Isle

Isle SG

0.322±0.018 ΓΛ
SG

Λ nucleus potentialMeasured with much 
improved accuracy

Λ-nucleus potential 
with inner repulsive core
can reproduce presentcan reproduce present
experimental results
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5
ΛHe : Γnm/ ΓΛ = 0.411±0.024

12
ΛC : Γnm / ΓΛ = 0.929±0.031
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Expected Spectrum
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ΛN→nN ΛNN→nNN FSI re-scattering
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Nn+Np and (Nnn+Nnp) back-to-back  yield 11

✔ When we summed up Nnn+Nnp (b-to-b) and Nn+Np
the spectra becomes free from  Γn/Γp ratio 

✔ Both of Nnn+Nnp and Nn+Np yields are smaller than 
those of INC calculation with only ΛN→NN process (1N) 

✔ ΛNN → NNN decay is assumed to occur uniformly in✔ ΛNN → NNN decay  is assumed to occur uniformly in
three-body phase space.  

✔ Good agreement obtained when we assume
Γ /Γ 0 29±0 13Γ2N/Γnmwd = 0.29±0.13 

N-N pair number
distribution

Nucleon number
distribution



Nn+Np and (Nnn+Nnp) back-to-back  yield 11

✔ When we summed up Nnn+Nnp (b-to-b) and Nn+Np
the spectra becomes free from  Γn/Γp ratio 

✔ Both of Nnn+Nnp and Nn+Np yields are smaller than 
those of INC calculation with only ΛN→NN process (1N) 

✔ ΛNN → NNN decay is assumed to occur uniformly in✔ ΛNN → NNN decay  is assumed to occur uniformly in
three-body phase space.  

✔ Good agreement obtained when we assume
Γ /Γ 0 29±0 13Γ2N/Γnmwd = 0.29±0.13 

M Ki PRL b itt dM. Kim,  PRL submitted
Parallel  2-B (Sep. 17)
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NonNon mesonicmesonic weak weak decay of decay of ΛΛHe He (E549)(E549)
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Deuteron Deuteron 
id tifi tiid tifi ti

Phys. Rev. C76, 068202 (2007)
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4
ΛHe → d + d branching ratio 14

( )AccNNstopKddHeBr DAQstopKDETECT ⋅⋅=+→Λ ε)/( 4

NDETECT = 60±10
εDAQ = 0.80
N t = 2 5×108 (～14% error: ambiguity of metastable state branch）Nstop = 2.5×10 ( 14% error:  ambiguity of metastable state branch）
Acc       = 0.027 (Simulation including d reaction loss ; detector efficiency)

Ｂｒ（４
ΛHe → d+d) = 1.1±0.3 × 10－5 /stopped K－

Br( K-+ 4He  → 4
ΛHe + π－ )=1.79±0.15 × 10－2 /stopped K－

/Γnmwd /Γtotal = 0.163±0.049

Ｂｒ（４
ΛHe ) = 1790±150 × 10－5 /stopped K－Ｂｒ（ ΛHe  )   1790±150 × 10 /stopped K

Ｂｒ（４
ΛHe NMWD) = 290±90 × 10－5 /stopped K－ 6×10-4

Ｂｒ（４
ΛHe → d+d) = 1.1±0.3 × 10－5 /stopped K－
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ΛN→NN was directly observed for the first time
Γ（Λn→nn)/Γ(Λp→np) ～ 0.5
αnm ～0 nm

◆ Total & partial decay rates are measured accurately

◆ Quenching of  (Nnn+Nnp) back-to-back  and Nn+Np yield in high◆ Q g ( nn np) n p y g
energy region suggests large contribution of  ΛNN→NNN 
(～30% of total NMWD width)

[1] Inner repulsive core in Λ-nucleus potential
[2] Importance of shorter-range mechanism 

OPE ⇒ Heavy meson & DQ exchangeOPE ⇒ Heavy meson & DQ exchange
[3] Suggesting significant contribution from ΛNN→NNN

Observation of 4ΛHe → d+d rare non-mesonic
decay with branching ratio ～6×10-4decay with branching ratio ～6×10 4  

at KEK-PS E549


