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The tracking region and the neutron detectorThe tracking region and the neutron detector
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• neglecting the hypernucleus recoil energy : ∆MH= ∆Tπ
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Target: 3 x 12CTarget: 3 x 12C

PR C64(2001)044302PR C64(2001)044302
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( ) CK 12, Λ
++π

FINUDA PRESENT RESULTSFINUDA PRESENT RESULTS ( ) CKstop
12, Λ

−− π # -BΛ (MeV)

1 -10.94±0.06

2 -8.4±0.2

3 -5.9±0.1

4 -3.8±0.1

5 -1.6±0.2

6 0.27±0.06

7 2.1±0.2



Search for Σ bound states with FINUDASearch for Σ bound states with FINUDA

Σ-hyp simulated eventΣ-hyp simulated eventReaction stepsReaction steps
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12C , reconstructed topology of a Σ-hyp event12C , reconstructed topology of a Σ-hyp event
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inclusive spectruminclusive spectrum

coincidence spectracoincidence spectra
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K-
stop + 12C ⇒ π− + Λ + XK-

stop + 12C ⇒ π− + Λ + X

1s
1p

BΣ+=0

BΣ0=0

B[MeV]
Σ+ [Σ0]

Γ[MeV]
Σ+ [Σ0]

1s ~13 [~18]
7.5 [11.2](*)

~7
6.7 [6.8](*)

1p ~2 [~7] ~7

Γ determined by ΣN→ΛN

(*) Oset et al., Phys.Rep.,188(1990)79
Initial evidence of:

Σ-Be, Σ+,0C, Σ+,0Li
Initial evidence of:

Σ-Be, Σ+,0C, Σ+,0Li12            12            6 



Search for kaon bound statesSearch for kaon bound states

• Missing-mass spectroscopy
(K-

stop, n or p) … KEK-PS E471/E549, FINUDA
4He(K-

stop, n)S+(3140) …K-ppn ? (169MeV bound)
4He(K-

stop, p)S0(3115) …K-pnn ? (193MeV bound)
• Invariant-mass spectroscopy

K- absorption at rest in nuclei … FINUDA

three final particles
to be detected



Λ-p coincidence eventsΛ-p coincidence events

• About 5% of the Λ events are associated 
with a proton.

Two-proton absorption ?

Back-to-back correlation
is expected.

p
p

Λ (Σ0)

p

K-



π-pp Invariant Mass on 6Liπ-pp Invariant Mass on 6Li

Cos(ϑΛp) < - 0.86

p Λ

Background: the two proton absorption is 
the only process emitting a Λ and a proton 
back-to-back, except  for the quasi-free 
reactions on two protons:



π-pp Invariant Mass on 6Li : 
Evidence for a kaon deeply-bound state (K-pp)→Λp or Σ0p

π-pp Invariant Mass on 6Li : 
Evidence for a kaon deeply-bound state (K-pp)→Λp or Σ0p

Σ0p Λp mp+mp+mK-mp+mp+mK-

Backg. subtracted: yes
Acceptance corr.: not yet
Backg. subtracted: yes
Acceptance corr.: not yet



SummarySummary

• FINUDA/DAFNE a unique facility for Λ and Σ hypernuclear
studies

• Spectroscopy and Λ hypernuclear decays (mesonic, non-
mesonic, rare decays)

• Initial analysis indicates bound ΣB states beyond A=4

• We observed back-to-back Λ-p coincidence events in K-

absorption at rest, for the first time.

• The Λ-p invariant-mass distribution suggests the existence of a 
K-pp deeply-bound system.



Targets: 2 x 6LiTargets: 2 x 6Li Spectroscopized

p  He5 +Λ

Γπ− about 102/pb-1

n  p   He4 ++Λ

τ
Γp (in coinc.) about 10/pb-1

Γn (in coinc.) a few/pb-1

4He+  π - spectr. (102/pb-1) calibration

K - + 6Li      π - +K - + 6Li      π - +

π -

p  p    H4 ++Λ

d+d     spectr. (∼0.3/pb-1 if B.R. ∼10-3)

p+ 3H  spectr.(0.2/ pb-1 if B.R. ∼10-3) 

π++n+3H   many events (∼ 102/pb-1)



Candidate for rare decays of 4ΛHeCandidate for rare decays of 4ΛHe

high momentum positive 
particles in back to back
topology from 6Li target

high momentum positive 
particles in back to back
topology from 6Li target

6Li
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S0(3115) →ΣNN
Suzuki, P.L.,B597(2004)263

K-
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S0(3115) →ΣNN
Suzuki, P.L.,B597(2004)263

Κ+→ π+ π0

Κ+→ µ+ νµ
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stop + 6Li ⇒ p + π- + XK-

stop + 6Li ⇒ p + π- + X K-
stop + 12C ⇒ p + π- + XK-

stop + 12C ⇒ p + π- + X

threshold

Σ
+→

p π
0

Λ H
e→

p t ?

threshold

Σ
+→

p π
0

Λ H
e→

p t ?

12C: the peak nearly disappears !12C: the peak nearly disappears !6Li: the peak gets enhanced !6Li: the peak gets enhanced !

At pt ≈ pp no t-peak is found,
the proton peak is not to be 
correlated to any triton

At pt ≈ pp no t-peak is found,
the proton peak is not to be 
correlated to any triton

4
ΛHe :

K- + 4He → 4
ΛHe + π- (255 MeV/c)

4
ΛHe → p t (500 MeV/c)

t ←back-to-back→ p



Direct observation of a Λ hyperonDirect observation of a Λ hyperon

FWHM = 6MeV/c2
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coincidence spectracoincidence spectra
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stop + 12C ⇒ π+ + Λ (π−,p) + XK-
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π+

Λ

π− p

K-
stop⇒ •

quasifree-Σ production

1s

BΣ-=0

K+→µ+ν

K+→π+ π0

Background ???
quasifree-Λ production
K- p → Λ π0 

 π0 p → π+ n
 E.Oset, private comm.



K-
stop + 6Li ⇒ π− + Λ (π−,p) + XK-
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BΣ+=0
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1s B[MeV]
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Γ[MeV](0)
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1s ~15 [~18] ~7
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