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1212
ΛΛC spectroscopy and decays with FINUDA at DAΦNEC spectroscopy and decays with FINUDA at DAΦNE

Talk topicsTalk topics

•• 1212
ΛΛC events selection and spectroscopy resultsC events selection and spectroscopy results

•• Capture rates for Capture rates for 1212
ΛΛCC

•• Non Non Mesonic Mesonic Weak Decay (NMWD) methodology and resultsWeak Decay (NMWD) methodology and results
•• ConclusionsConclusions
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1212
ΛΛC spectroscopy and decays with FINUDA at DAΦNEC spectroscopy and decays with FINUDA at DAΦNE

FINUDA detectors performancesFINUDA detectors performances
s.c. solenoid: B = 1.0 T; field homogeneity within 2%s.c. solenoid: B = 1.0 T; field homogeneity within 2%
interaction/target region: interaction/target region: ΚΚ++/Κ/Κ−− identification,identification,
hypernucleushypernucleus production and detection production and detection 

tracking devices: measurement of trajectories and tracking devices: measurement of trajectories and 
momentamomenta of charged particles (of charged particles (∆p∆p/p 5‰)/p 5‰)

external external scintillatorscintillator barrel: trigger barrel: trigger 
and neutron detectionand neutron detection

He chamber: minimization of particle He chamber: minimization of particle 
multiple scatteringmultiple scattering

TOFout: σt = 500 ps FWHM
efficiency ≥ 10%; ∆E = 8 MeV

TOFout: σt = 500 ps FWHM
efficiency ≥ 10%; ∆E = 8 MeV

∆p/p: He atmosphere = 5‰
air = 2%

∆p/p: He atmosphere = 5‰
air = 2%

VDET: σz = 30 µm; ∆E = 25% FWHM (K)
TOFin: σt = 250 ps

VDET: σz = 30 µm; ∆E = 25% FWHM (K)
TOFin: σt = 250 ps

LMDC: σ(ρ, φ) = 150 µm; σz ≤ 1% wire length 
STB: σ(ρ, φ) = 150 µm; σz 500 µm

LMDC: σ(ρ, φ) = 150 µm; σz ≤ 1% wire length 
STB: σ(ρ, φ) = 150 µm; σz 500 µm TOFout time resolutionTOFout time resolution

VDET z resolutionVDET z resolution

PID in VDETPID in VDET
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1212
ΛΛC spectroscopy and decays with FINUDA at DAΦNEC spectroscopy and decays with FINUDA at DAΦNE

Events selections Events selections (1/3)(1/3)

Topological selection criteria:Topological selection criteria:

Angle of escapingAngle of escaping pionspions θθ<80 (0<<80 (0<norminnormin<80) <80) 
only forwards events (reduced effects of multiple scattering)only forwards events (reduced effects of multiple scattering)

Raw Raw −−BBΛΛ spectrum:spectrum:

Total events: 295887Total events: 295887

Quality track selection criteria:Quality track selection criteria:

•• Track fit (Track fit (fiteminfitemin=0)=0)

•• Extrapolated track (Extrapolated track (extrminextrmin=1)=1)

•• Track stops in target (Track stops in target (stopminstopmin=1)=1)

•• χχ22 on track fittingon track fitting sterminstermin<100 dev2min<100<100 dev2min<100 resdminresdmin<0.05<0.05

Target

ππ−−

ΚΚ−−

θθ
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1212
ΛΛC spectroscopy and decays with FINUDA at DAΦNEC spectroscopy and decays with FINUDA at DAΦNE

Events selections Events selections (2/3)(2/3)

cut on |XDRCKM| as much as possible to remove events not “reallycut on |XDRCKM| as much as possible to remove events not “really” ” 1212
ΛΛ

Black vertical lines indicate physical target bounds 0.85 cm. Black vertical lines indicate physical target bounds 0.85 cm. 
Dotted red lines indicate the cut applied: |XDRCKM| < 0.05 cmDotted red lines indicate the cut applied: |XDRCKM| < 0.05 cm

Events outside selected regions do not Events outside selected regions do not 
presents presents hypernuclear hypernuclear peakspeaks

The XDRCKM distribution for the three carbon targets are fitted The XDRCKM distribution for the three carbon targets are fitted with 3 gaussian curves. If with 3 gaussian curves. If 
the small peak at about the small peak at about --0.25 cm are 0.25 cm are silicumsilicum events the must be removed.events the must be removed.

ππ−−

ΚΚ−−

XD
R
CKM

XD
R
CKM

TargetTarget

Target 1Target 1 Target 5Target 5 Target 8Target 8

XDRCKM (cm)XDRCKM (cm)XDRCKM (cm)XDRCKM (cm) XDRCKM (cm)XDRCKM (cm)
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1212
ΛΛC spectroscopy and decays with FINUDA at DAΦNEC spectroscopy and decays with FINUDA at DAΦNE

Events selections Events selections (3/3)(3/3)

Track selection criteria:Track selection criteria:
•• Track fit (Track fit (fiteminfitemin=0)=0)

•• Extrapolated track (Extrapolated track (extrminextrmin=1)=1)

•• Track stops in target (Track stops in target (stopminstopmin=1)=1)

•• χχ22 on track fittingon track fitting sterminstermin<100 dev2min<100<100 dev2min<100 resdminresdmin<0.05<0.05

•• Angle of escapingAngle of escaping pionspions θθ<80 (0<<80 (0<norminnormin<80<80

•• |XDRCKM|<0.05 |XDRCKM|<0.05 

Final number of events 17245Final number of events 17245

Raw Raw −−BBΛΛ spectrum:spectrum:

Total events: 295887Total events: 295887



luigi.benussi@lnf.infn.itluigi.benussi@lnf.infn.it Hyp2006 Hyp2006 -- Mainz, 10Mainz, 10--14 October 200614 October 2006
77

1212
ΛΛC spectroscopy and decays with FINUDA at DAΦNEC spectroscopy and decays with FINUDA at DAΦNE

Background SimulationsBackground Simulations
Below signal region we expect 4 possible source of Below signal region we expect 4 possible source of ππ−−

� Κ−n → Λπ−

� Κ−NN→Σ−Ν
� Κ−p → Σ−π+

� Κ− → µ− νµ (wrong identification of µ−)

Κ−n → Λπ−

Κ−p → Σ−π+

Κ−NN→Σ−Ν + Κ− → µ− νµ
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1212
ΛΛC spectroscopy and decays with FINUDA at DAΦNEC spectroscopy and decays with FINUDA at DAΦNE

Fit of Fit of hypernuclear hypernuclear levels  levels  

Fit procedure:Fit procedure:

1)1) Selected experimental events fit with Selected experimental events fit with 
the 3 MC distribution (excluding signal region)the 3 MC distribution (excluding signal region)

2)2) Signal region fit using 9 gaussian curves by means Signal region fit using 9 gaussian curves by means 
of a likelihood function. Same width for all of a likelihood function. Same width for all gassians gassians 
free to vary  free to vary  



luigi.benussi@lnf.infn.itluigi.benussi@lnf.infn.it Hyp2006 Hyp2006 -- Mainz, 10Mainz, 10--14 October 200614 October 2006
99

1212
ΛΛC spectroscopy and decays with FINUDA at DAΦNEC spectroscopy and decays with FINUDA at DAΦNE

1212C excitation spectrumC excitation spectrum

a) b)

σ = 0.46σ = 0.46±±0.020.02 0.43% 0.43% ∆∆pp/p (design 0.35 /p (design 0.35 ∆∆pp/p)/p)

Peak gauss #1 Peak gauss #1 = = −−11.74 11.74 ±± 0.060.06
Peak gauss #2 Peak gauss #2 = = −−10.4 10.4 ±± 0.10.1
Peak gauss #7 Peak gauss #7 = = −−8.8 8.8 ±± 0.20.2
Peak gauss #6 Peak gauss #6 = = −−7.4 7.4 ±± 0.20.2
Peak gauss #3 Peak gauss #3 = = −−6.0 6.0 ±± 0.10.1
Peak gauss #4 Peak gauss #4 = = −−4.1 4.1 ±± 0.20.2
Peak gauss #5 Peak gauss #5 = = −−2.7 2.7 ±± 0.20.2
Peak gauss #8 Peak gauss #8 = = −−1.23 1.23 ±± 0.070.07
Peak gauss #9 Peak gauss #9 = = −−0.07 0.07 ±± 0.050.05

Excitation EnergyExcitation Energy Ex = BEx = BΛΛ -- BBΛΛ g.s.g.s.



luigi.benussi@lnf.infn.itluigi.benussi@lnf.infn.it Hyp2006 Hyp2006 -- Mainz, 10Mainz, 10--14 October 200614 October 2006
1010

1212
ΛΛC spectroscopy and decays with FINUDA at DAΦNEC spectroscopy and decays with FINUDA at DAΦNE

1212
ΛΛCC Capture ratesCapture rates

To determine To determine µµ++ and and ππ−− efficiencies we generated 30efficiencies we generated 30××101066 MonteCarloMonteCarlo
events with events with 

••1 1 hypernuclearhypernuclear peak @ 270 peak @ 270 MeVMeV/c with production rate 10/c with production rate 10--33//ΚΚ−−
stopstop

•• complete background spectrum from complete background spectrum from ΚΚ−− interaction interaction 

•• usual usual ΚΚ++ decaysdecays

MC events reconstructed to take care of geometrical acceptance aMC events reconstructed to take care of geometrical acceptance and nd 
trigger efficiency trigger efficiency 
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1212
ΛΛC spectroscopy and decays with FINUDA at DAΦNEC spectroscopy and decays with FINUDA at DAΦNE

1212
ΛΛCC Capture ratesCapture rates

Events selection criteria:Events selection criteria:

•• 0<0<norminnormin<80<80
•• sterminstermin<200<200
•• dev2min<100dev2min<100
•• resdminresdmin<0.1<0.1
•• InpxmInpxm <0.17cm<0.17cm

width fixed at 0.46width fixed at 0.46 MeVMeV σσ
Events in G.S.= 374Events in G.S.= 374±±2323
Events in Bound Region =2769Events in Bound Region =2769±±5252
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1212
ΛΛC spectroscopy and decays with FINUDA at DAΦNEC spectroscopy and decays with FINUDA at DAΦNE

1212CC MCMC

MC  treated as data : MC  treated as data : 
background subtraction, background subtraction, 
fit with width fixed at  0.46 fit with width fixed at  0.46 MeVMeV σσ

Events in g.s. = 398 Events in g.s. = 398 ±± 2020



luigi.benussi@lnf.infn.itluigi.benussi@lnf.infn.it Hyp2006 Hyp2006 -- Mainz, 10Mainz, 10--14 October 200614 October 2006
1313

1212
ΛΛC spectroscopy and decays with FINUDA at DAΦNEC spectroscopy and decays with FINUDA at DAΦNE

C12 g.s. Capture RateC12 g.s. Capture Rate

�� experimental data: Nexperimental data: Nµ  ,µ  ,NNπ  π  , ,   Ν(ΚΝ(Κ++),Ν(Κ),Ν(Κ−−) ) 
�� MC determination of  MC determination of  εεπ,π,εεµµ

R(R(1212
ΛΛC)=C)=(0.50 (0.50 ±± 0.04 0.04 ±± 0.11) 0.11) ××1010−−33/Κ/Κ−−

stopstop))

THEORY= 0.33 THEORY= 0.33 ××1010−−33, 0.23 , 0.23 ××1010−−33, 0.12 , 0.12 ××1010−−33 /K/K−−stop

12 12

. .
12 12

12( ) [ ] [ ]g s

C C
K

data MCC C
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N N
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N N
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1212
ΛΛC Non C Non Mesonic Weak Decay Mesonic Weak Decay 

In mediumIn medium--heavyheavy hypernuclei mesonichypernuclei mesonic decays (decays (ΛΛ →→ ppππ−−;   ;   ΛΛ →→ nnπποο) are suppressed ) are suppressed 
due to due to PauliPauli blocking; nonblocking; non--mesonicmesonic weak interaction (weak interaction (ΛΛp p →→ npnp ; ; ΛΛn n →→nnnn) are then ) are then 
more  more  favoredfavored

sΛ

pΛ
PionPion momentum from momentum from 1212

ΛΛC formationC formation

PionPion momentum from momentum from 1212
ΛΛCC

formation formation in coincidence within coincidence with
protonproton from  decay from  decay 1212

ΛΛC :C :
ssΛΛ and and ppΛΛ clearly show up with clearly show up with 
better S/N.better S/N.

BRANCHING FRACTION in agreement with previous resultsBRANCHING FRACTION in agreement with previous results
ΓΓpp ~ (0.38 ~ (0.38 ±± 0.10) in 1s,  (0.230.10) in 1s,  (0.23 ±± 0.06)0.06) in 1pin 1p
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1212
ΛΛC spectroscopy and decays with FINUDA at DAΦNEC spectroscopy and decays with FINUDA at DAΦNE

Proton energy spectrumProton energy spectrum
E.Bauer, Ramos et al.,  2006:nucl-th/0602066:

Theoretical calculation of Theoretical calculation of EpEp without (top)without (top)
and and with (bottom)with (bottom) FSI effects. Data are from FSI effects. Data are from 
KEKKEK--E508 E508 

sΛ pΛ

Proton  energy spectra in coincidence with a π− from
hypernucleus formation in the  s Λ, p Λ region.

Thanks to its thin target FINUDA has reduced the Ep low energy 
threshold. Spectrum shape at 20 ÷ 40MeV is important for evaluating 
FSI contribution. More statistics is needed



luigi.benussi@lnf.infn.itluigi.benussi@lnf.infn.it Hyp2006 Hyp2006 -- Mainz, 10Mainz, 10--14 October 200614 October 2006
1616

1212
ΛΛC spectroscopy and decays with FINUDA at DAΦNEC spectroscopy and decays with FINUDA at DAΦNE

ConclusionConclusion
•• The The 1212

ΛΛC spectroscopy analysis is completed. C spectroscopy analysis is completed. 

•• FINUDA spectroscopy resolution is 0.46FINUDA spectroscopy resolution is 0.46 MeVMeV corresponding to 0.43% corresponding to 0.43% ∆∆pp/p /p 
(design = 0.35% (design = 0.35% ∆∆pp/p)/p)

•• The capture rate of The capture rate of 1212
ΛΛC g.s. (1s) is found to be (C g.s. (1s) is found to be (0.50 0.50 ±± 0.04 0.04 ±± 0.11) 0.11) ××1010--33/K/K--

stopstop

•• Studies on Studies on 1212
ΛΛC NMWC on 1s and 1p C NMWC on 1s and 1p hypernuclear hypernuclear levels done. levels done. 

More statistics is needed to better evaluate F.S.I. contributionMore statistics is needed to better evaluate F.S.I. contribution..
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