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np/nn double coincidence detection 

from 5ΛHe & 12
ΛC   

(E462/508: 2000-2002)
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0.93±0.55 (Szymanski et al.)Exp. (for 5ΛHe)
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MotivationMotivation ΓΓpp (Λ+“ｐ”→ ｎ + ｐ)
ΓΓnn (Λ+“ｎ”→ ｎ + ｎ)
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ΓΓnn / / ΓΓpp ratio (theoretical & experimental results)ratio (theoretical & experimental results)
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Coincidence analysisCoincidence analysis

Select ΛN→NN events without ΛNN→NNN & FSI effect

Final state 
interaction (FSI)
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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 )

NMWD :  ΛN→NN
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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 (E462E462)) (KEK-PS K6 beamline & 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)%

n



Particle identificationParticle identification

gated 12
ΛC ground state

Energy resolution
σ～8MeV

( around 80MeV )

1 / β spectra

5MeV< energy < 150MeV

Neutral particleNeutral particle Charged particleCharged particle

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

(PID1+PID2) / 2

gated 5ΛHe ground state

π p

d



Energy spectra of π/p/d from the decay of 5ΛHe

MHY-MA [MeV/c2]

6Li(π+, K+) excitation spectra

d-gate

p-gate

π-gate
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Eπ
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kinetic energy [MeV]

bπ- = 0.37±0.01
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No peaking
at half of Q-value 

(76MeV) even 5ΛHe

Neutron energy spectra of Neutron energy spectra of 55
ΛΛHeHe

suggested 
larger contribution
of ΛNN→NNN or FSI
than his theory.

76MeV
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E462 data

Garbarino’s calculation
considered FSI & ΛNN→NNN



Angular correlationAngular correlation
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energy sumenergy sum
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cos θ＜－0.8

Number : 92 (－1.1)

cos θ＜－0.8

Number : 31 (－4.1)

estimated contamination from π－ absorption

coincidence analysis for 5ΛHe

MeVcosθ
Q-Value～152MeV



Angular correlationAngular correlation energy sumenergy sum
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cos θ＜－0.8

Number : 111 (－1.9)

cos θ＜－0.8

Number : 29 (－1.4)

coincidence analysis for 12
ΛC

Q-Value～152MeV

MeVcosθ

estimated contamination from π－ absorption
MeVcosθ
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Comparison with theoretical calc.
for angular correlation

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 coincidence
n+n coincidence

n+p
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n+n

cosθ cosθ



Results of Results of ΓΓnn / / ΓΓpp

5
ΛHe (E462) : 0.52±0.13±0.05

prelim
inary

prelim
inary

systematic error : 
neutron efficiency(8%) + proton (6%)

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)

12
ΛC (E508) : 0.46±0.11±0.05



SummarySummary

AA--dependence of neutron energy spectra dependence of neutron energy spectra 
( for A=5,12,89) ( for A=5,12,89) 
… No peak at half of Q-value even A=5.

ΓΓnn / / ΓΓpp ratioratio
5

ΛHe (E462) ～ 0.52±0.13±0.05   (preliminary)
12

ΛC (E508) ～ 0.46±0.11±0.05   (preliminary)

Angular & Energy correlationAngular & Energy correlation
→ Number (/NMWD) of back-to-back component

is smaller than Garbarino’s calculation.
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Experiments at JExperiments at J--PARC (Decay)PARC (Decay)
1.  Lifetime of heavy hypernuclei ? (J-PARC)

(π,K)反応
K1.1BR



Lifetime analysis

prompt
(π,pp)

delayed time
(π,Kp)

τ = 212 ± 6 ps
(statistical only)

τ = 230±15 ps
(Park et al.)

Decay time [ns]

cf.  <KEK-E307>
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Spin/isospin dependence
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Required Required 44
ΛΛHe / He / 44

ΛΛH numbersH numbers
Estimation from E462 statistics….

5
ΛHe 55K → n+p back-to-back～170

To achieve same statistics….
4
ΛH 55K ～500K×３

NMWD Br.

×２

p/n ratio

×５

Spin triplet/singlet

20,000 4ΛH
In one day

×1/3

Decay arm upgrade
1×0.6×0.3m@60cm

1.5×1.5×0.4m@90cm



Backward
NaI

Bottom NaI

B3

TOF

−π

-Kc/MeV650



44
ΛΛHH production rateproduction rate

K1.1/K1.1BR;  600MeV/c K-
0.5×106 K-/sec

10% stop
50×103/sec  stopped K- on 4He

4
ΛH branch～0.9%

450/sec         4ΛH formation

0.35/sec 4
ΛH detection OK !?



Spare OHPs



nn--rich rich hypernuclearhypernuclear production production 
with with 1010B(B(ππ－－,K,K++) ) 1010

ΛΛLi  reaction Li  reaction 
(E521:2002(E521:2002--3)3)

4402721.05(π-, K+)10B
7164603951.2(π-, K+)10B

2002
Injection π [Gπ]

2003
SKS     
[A]

Beam
[GeV/c]

reactiontarget
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10B(π-,K+) 1.05GeV/c 

散乱粒子の質量[MeV/c] -BΛ [MeV/c]



10B(π-,K+) 1.2GeV/c

-BΛ [MeV/c]



Two-step process and incident
momentum depecdence

π−p  → Κ0Λ ;  Κ0p  → Κ+n
π−p  → π0n   ;   π0p  → Κ+Λ

π−p  → π0n

Charge-exchange
(Favors ∆l=0)

Κ0p  → Κ+n

π0p  → Κ+Λ

Same kinematics like
n(π+,K+)Λ reaction

π−p  → Κ0Λ

Two-step process： theoretical cross section

is maximum at π incident momentum at 1.05GeV/c



(π-,K+) reaction: Λ formation 
mechanism

1. Two-step Process 

2. One-step Process via Σ- state

π−p  → Κ0Λ ;  Κ0p  → Κ+n
π−p  → π0n   ;   π0p  → Κ+Λ

π−p  → Κ+Σ-

Σ- p  → Λn

Virtual

Real
Σ− state FormationIncident π-

1.05GeV/c

1.2 GeV/c
Mixing of 
wavefunction of  Σ-

and 

Σ- p⇔ Λn conversion







Present experiment
τ= 278      ps
(statistical error only)

Lifetime measurement of 5ΛHe

delayed time

(π+, pp)

(π+, K+p)

FWHM=300 ps

decay time [ns]
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cf.  Szymanski et al.(1991)
τ = 256 ± 20 ps
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Results

Γπ0 / Γπ- (5
ΛHe) ≡ Γπ0 / Γπ- (Λ) = 0.560 ± 0.011

Γnm ≡ Γtot – Γπ- – Γπ0
Statistical error only

Szymanski et al.(1991)Present 
experiment

0.41 ± 0.140.400 ± 0.023Γnm /ΓΛ

0.44 ± 0.110.350 ± 0.017Γπ- /ΓΛ

1.03 ± 0.080.947 ± 0.037Γtot /ΓΛ



Significantly larger α-Λ overlap 
than YNG potential is indicated

New potential is required

π- decay width



Summary

π- branching ratio and lifetime of 5ΛHe is precisely 
measured.
Γπ-/ΓΛ(5

ΛHe) = 0.350 ± 0.017
Γnm/ΓΛ(5

ΛHe) = 0.400 ± 0.023
New α-Λ potential must be considered. 
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