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Contents of my talkContents of my talk……
HypernuclearHypernuclear weak decay measurements for weak decay measurements for 
55

ΛΛHe and He and 1212
ΛΛC with C with ～～10 times more statistics10 times more statistics

n+n/n+p coincidence measurement

→ Energy/Opening angle correlation  

Γn/Γp (5
ΛHe)= 0.44±0.11±0.03        

High accuracy measurements of Γπ/Γnm

Γnm = 1/τ * ( 1- Br(π-) – Br(π0) )

→ Overlap of Λ-α in 5ΛHe  found to be large

n+n/n+pn+n/n+p coincidence measurementcoincidence measurement

→→ Energy/Opening angle correlation  Energy/Opening angle correlation  

ΓΓn/n/ΓΓpp ((55
ΛΛHe)= 0.44He)= 0.44±±0.110.11±±0.03        0.03        

High accuracy measurements of High accuracy measurements of ΓπΓπ//ΓΓnmnm

ΓΓnmnm = 1/= 1/ττ * ( 1* ( 1-- Br(Br(ππ--) ) –– Br(Br(ππ00) )) )

→→ Overlap of Overlap of ΛΛ--αα in in 55
ΛΛHe  found to be largeHe  found to be large



1.1. np/nn double coincidence detection 

from 5ΛHe & 12
ΛC   
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ΓΓpp (Λ+“ｐ”→ ｎ + ｐ)
ΓΓnn (Λ+“ｎ”→ ｎ + ｎ)MotivationMotivation
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NN
W S

π

One Pion Exchange
(OPE)

10 0.5 1.5
Γn / Γp

0.93±0.55 (Szymanski et al.)Exp. (for 5ΛHe)
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ΓΓnn / / ΓΓpp ratio (theoretical & experimental results)ratio (theoretical & experimental results)



Difficulty in previous experimentDifficulty in previous experiment
NNpp/N/Nnmwdnmwd

1. 1. ΓΓnn from from subtractionsubtraction
→→ missing process  missing process  ΓΓn/n/ΓΓpp ↑↑

2. 2. Directly affectedDirectly affected by the FSI loss/by the FSI loss/ΓΓ2N2N

3. Large 3. Large error of error of Br(NMWDBr(NMWD)) from from 
large large Br(Br(ππ００) error ) error 

1.1. Measure Measure neutron to obtain the numberneutron to obtain the number
ratio at the ratio at the ““samesame”” energy threshold energy threshold 

2.2. NNnn/N/Npp →→ ΓΓn/n/ΓΓpp less affectedless affected by FSIby FSI
only in 2only in 2ndnd order;  order;  n/pn/p→→p/np/n influx terminflux term
(Talk by Bhang)(Talk by Bhang)

3.3. Analysis requires Analysis requires assumption of assumption of 
ΓΓ2N2N ～～00 →→ Is this correct??Is this correct??

NNnn/N/Npp

NNnnnn/N/Npnpn
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rescattering

1) Angular correlation
( back-to-back, cosθ<-0.8 )
2) Energy correlation
( Q～E(N1)+E(N2) ～152MeV )

1) Angular correlationAngular correlation
( back-to-back, cosθ<-0.8 )
2) Energy correlationEnergy correlation
( Q～E(N1)+E(N2) ～152MeV )
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Charged particle：
・TOF (T2→T3)
・tracking（PDC）

Neutral particle：
・TOF (target→NT)
・T2/T3 VETO
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Setup Setup (KEK-PS K6 & SKS)

Decay arm

N:   20cm×100cm×5cm
T3:  10cm×100cm×2cm
T2:   4cm×16cm×0.6cm

Solid angle: 26%
9(T)+9(B)+8(S)%
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CoreCore--acceptance cut (for p)acceptance cut (for p)

Top/Bottom; 5% Top/Bottom; 5% ××44ππ
acceptance eachacceptance each

Used for the analysis whichUsed for the analysis which
requires good control for requires good control for ΩΩ

View from backwardView from backward View from sideView from side



Particle identificationParticle identification
Neutral particleNeutral particle Charged particleCharged particle

gated 12
ΛC ground state

Energy resolution
σ～8MeV

( around 80MeV )

1 / β spectra

5MeV< energy < 150MeV

PID1 : total energy vs dE/dx
PID2 : total energy vs TOF

(PID1+PID2) / 2

gated 5ΛHe ground state

π p

d

Statistis ×200
S/N improvement ×15 
Lower threshold ×1/5



Energy spectra of π/p/d from 5ΛHe decay
6Li(π+, K+) excitation spectra
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n+pn+p Energy Sum .vs. Energy Sum .vs. coscosθθnpnp
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Energy sum .vs. angleEnergy sum .vs. angle n + p pair from n + p pair from 55
ΛΛHeHe

PeakingPeaking
at Qat Q--valuevalue

BackBack--toto--backback

AntiAnti--correlationcorrelation

coscosθθ<0.8;E<0.8;EN1N1,E,EN2N2>30MeV >30MeV 



Mass spectra for Mass spectra for 66Li(Li(ππ++,K,K++) ) 

n + n

inclusive

Mass spectra for Mass spectra for 1212C(C(ππ++,K,K++) ) 

s substitutional state

n + p

5
ΛHe g.s. 12

ΛC g.s.quasi free quasi free

11
ΛB
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coincidence analysis for 12
ΛC

coscosθθnpnp

coscosθθnnnn

En+Ep

En+En

Ep+Epcoscosθθpppp
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Comparison with theoretical calc.
for angular correlation
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Garbarino’s
calc.

assuming Gn/Gp = 0.46 (for 5ΛHe ),  0.34 (for 12
ΛC )

considered 2N-induced(～20%),  FSI

55
ΛΛHe (E462)He (E462) 1212

ΛΛC (E508)C (E508)
n+p coincidence
n+n coincidence

n+p
n+n

cosθ cosθ

n+p coincidence
n+n coincidence

n+p
n+n
p+pp+p

Pair numberPair number
/NMWD/NMWD

Pair numberPair number
/NMWD/NMWD

n+p coincidence
n+n coincidence
p+p coincidence
n+p coincidence
n+n coincidence
p+p coincidence

Phys. Rev. Phys. Rev. LettLett. 91 (2003) 112501. 91 (2003) 112501



Results of Results of ΓΓnn / / ΓΓpp

5
ΛHe (E462) : 0.44±0.11±0.03

Nearly fin
al 

Nearly fin
al 

systematic error : 
neutron efficiency(6%) + acceptance (3%)

10 0.5 1.5
Γn / Γp

0.93±0.55 (Szymanski et al.)Experiment 

Theory

OPE
OME (w/ heavy meson )
DQ model …

(for 5ΛHe)

GarbarinoGarbarino’’ss suggestion for the correction suggestion for the correction 
Phys. Rev. Phys. Rev. LettLett. 91 (2003) 112501. 91 (2003) 112501



ΓΓ2N process2N process…….?.?

Neutron spectrum w/o peaking at QNeutron spectrum w/o peaking at Q--value/2 seems value/2 seems 
to suggest to suggest largerlarger contribution of FSI and/or  contribution of FSI and/or  ΓΓ2N2N

We need good control of FSI effect We need good control of FSI effect 
estimation from the theoryestimation from the theory

Single neutronSingle neutron
spectra spectra 
Okada; posterOkada; poster

Q/2Q/2



Compare w/ Compare w/ GarbarinoGarbarino’’ss calc.calc.
Gross feature are well explained butGross feature are well explained but…………

1.1. No peakingNo peaking in single neutron energy in single neutron energy 
spectrum even from spectrum even from 55

ΛΛHe He 
2.2. Both of Both of nnnn/pp/pp--pair pair numbers/NMWDnumbers/NMWD

are lowerare lower especially for especially for 1212
ΛΛCC

Suggesting Suggesting largerlarger FSI/FSI/ΓΓ2N2N
3.  3.  Smaller contribution in Smaller contribution in coscosθθ～～00

regionregion
4.  4.  p+pp+p emission rate is emission rate is ～～1/101/10

Suggesting Suggesting smallersmaller FSI/FSI/ΓΓ2N2N



Summary of NMWD results:Summary of NMWD results:

＊＊ ΓΓnn / / ΓΓpp ratio:ratio:
Nnn/NnpNnn/Nnp at at coscosθθ<<－－0.8;  E>30MeV0.8;  E>30MeV

5
ΛHe (E462) ～ 0.44±0.11±0.03
→→ Consistent w/ recent theoryConsistent w/ recent theory

＊＊ Angular & Energy correlationAngular & Energy correlation
Contribution of ΛNN →NNN ??

→ Still open question..

＊ Asymmetry parameter results (～0) 
[ Maruta’s parallel talk ]
→ Hard to be explained by theory



2.2. Accurate measurement of 

Γπ-, Γπ0 and Γnm
For detail; parallel talks by For detail; parallel talks by Kameoka/Okada Kameoka/Okada 

ΓπΓπ-- = 1/= 1/ττ ×× Br(Br(ππ--))
ΓπΓπ00 = 1/= 1/ττ ×× Br(Br(ππ00))
ΓΓnmnm = 1/= 1/ττ ×× ( 1( 1-- Br(Br(ππ--)) –– Br(Br(ππ00)) ))

LifetimeLifetime ππ00 branchingbranching
ratioratio

ππ-- branchingbranching
ratioratio

Needs good accuracy for all of themNeeds good accuracy for all of them



ΓπΓπ: test of : test of ΛΛ--nucleus potentialnucleus potential

Λnucleus
YN interaction
attraction～repulsion

Repusive core is the 
common feature of 
Y-nucleus potential



ΓπΓπ//ΓΓnmnm and and ΛΛ--Nucleus PotentialNucleus Potential

??rd2

0

2
N

Λψ⋅
ρ
ψ

∫　 YNG:YNG: 20% overlap20% overlap
ORG:ORG: 40% overlap40% overlap

MesonicMesonic decay ratedecay rate

ΓΓnm(ORGnm(ORG) <) <ΓΓnm(YNGnm(YNG))

??rd2

0

2
N

nm Λψ⋅
ρ
ψ

∝ ∫　Γ

ΓπΓπ(YNG(YNG) > ) > ΓπΓπ(ORG(ORG) ) 

NonNon--mesonicmesonic decay ratedecay rate



σ=119ps

prompt
(π,pp)

delayed time
(π,Kp)

τ = 212 ± 6 ps
for 12

ΛC

Decay time [ns]
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T1T2 TOFTOF
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ttt
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−−−=∆

π

π

π

ββ preliminary
12

ΛC

LifetimeLifetime

5
ΛHe

τ = 278 ± 10 ps
for 5ΛHe

Error:Error: ～～2.5 times 2.5 times 
improved overimproved over
previous experimentsprevious experiments

→→KameokaKameoka



ΓπΓπ-- for for 55
ΛΛHeHe →→KameokaKameoka

0.351 ± 0.017ΓΛ

bπ- = 0.371 ± 0.009

0.321ΓΛ

0.393ΓΛ

～～30% overlap??30% overlap??
; larger than YNG; larger than YNG

ΓΓΛΛ



ππ00 branching ratio of branching ratio of 55
ΛΛHeHe

(bπ− : 0.371±0.009)

Free Λ : bπ− / bπ0 = 1.78±0.03

5
ΛHe : bπ− / bπ0 = 1.75±0.08

MeV

Mass spectra for Mass spectra for 66Li(Li(ππ++,K,K++) ) 
5

ΛHe g.s.
quasi free

w/ gamma

Mul ≥ 2
≥ 20 MeVee

inclusive
efficiency
= 9.59%N (inc)

= 42040

N (w/ γ)
= 848.03

bπ0 = N (w/ γ) / N (inc) × eff
= 0.212±0.008

ADC sum w/ ADC sum w/ GeantGeant simsim

referring previous talk

5
ΛHe

α + p + π− α + n + π0

Same Q-value as that of free Λ

OkadaOkada



NonNon--mesonicmesonic decadeca rate rate 55
ΛΛHe and He and 1212

ΛΛCC

5
ΛHe : Γnm/ ΓΛ = 0.395±0.016 12

ΛC : Γnm / ΓΛ = 0.953±0.032

Γtot = 0.947±0.038 ΓΛ

bbππ00 = = 0.212±0.008
bbππ-- =  =  0.371±0.009 bbππ-- =  =  0.099±0.011

bbππ00 = = 0.133±0.005

Γtot = 1.242±0.042 ΓΛ

0.410.41±±0.140.14 0.830.83±±0.090.09

rd2

0

2
N

nm Λψ⋅
ρ
ψ

∝ ∫　Γ

ΓΓtotaltotal ((5656
ΛΛFe) Fe) ～～ΓΓnm(Anm(A→∞→∞) ) ～～ 1.21.2ΓΓΛΛ （（E307E307））

ΓΓnmnm ((55
ΛΛHe)   = 0.4He)   = 0.4ΓΓΛΛ （（Present)Present)

IfIf 1/3 of 1/3 of ΛΛ is inside is inside αα

ΓΓnmnm calculation must use the calculation must use the ΛΛ w.f.w.f.
which can well reproduce which can well reproduce ΓπΓπ



Mass number dependence of Mass number dependence of ΓΓNMNM



ＣｏｎｔｅｎｔｓＣｏｎｔｅｎｔｓ of talks from of talks from 
E462/508E462/508

Okada Single nucleon spectra from 5ΛHe,12
ΛC 

Nn/Np ratio from NMWD of 5ΛHe, 12
ΛC

Maruta Asymmetry of proton from the NMWD 
of 5ΛHe and 12

ΛC, 11
ΛB

Kameoka π- decay branching ratio of 5ΛHe
Lifetime analysis for 5ΛHe, 12

ΛC
Okada π0 decay branching ratio of 5ΛHe,12

ΛC
NMWD rate of 5ΛHe, 12

ΛC

n+p and n+n coincidence
for 5

ΛHe Γn/Γp ratioKang

PostersPosters

n+p and n+n coincidence for 12
ΛC Kim

ParallelParallel



Summary table Summary table (preliminary)(preliminary)
55

ΛΛHeHe 1212
ΛΛCC

Total decay widthTotal decay width
ΓΓnmnm
Nn/Np(@50MeV)Nn/Np(@50MeV)
Nnn/NnpNnn/Nnp bb--toto--bb

ααnmnm

ΓπΓπ--

ΓπΓπ00

Width unit :Width unit :ΓΓΛΛ

2.20±0.13±0.15
0.44±0.11±0.03

((1212
ΛΛC and C and 1111

ΛΛB)B)

0.947±0.038 1.242±0.042
0.395±0.016 0.953±0.032

1.80±0.07±0.12

in analysisin analysis

0.07±0.08 －0.24±0.26

0.351±0.017

in analysisin analysis

0.201±0.011 0.165±0.008

All of these are 2All of these are 2～～20 times more accurate 20 times more accurate 
over the previous measurementsover the previous measurements
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