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5

Alessandro Feliciello
I.N.F.N. - Sezione di Torino

First round results
from the FINUDA experiment

First round results
from the FINUDA experiment
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5
Outline Outline 

1) the FINUDA experiment
– the physics program
– the apparatus

2) the results
– hypernuclear spectroscopy
– deeply-bound kaonic state (K-pp)
– neutron-rich hypernuclei
– hypernucleus (rare) decays

3) future plans
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The FINUDA Collaboration The FINUDA Collaboration 

Bari University and I.N.F.N. Bari
Brescia University and I.N.F.N. Pavia
KEK
L.N.F. / I.N.F.N. Frascati
Pavia University and I.N.F.N. Pavia
RIKEN
Seoul National University
Teheran Shahid Beheshty University
Torino University and I.N.F.N. Torino
Torino Polytechnic and I.N.F.N. Torino
Trieste University and I.N.F.N. Trieste
TRIUMF
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5

5.2 A (max)current/ring

8.9 1010part./bunch

up to 120bunch/ring

35 mmσz (rms)

0.021 mmσy (rms)

368.25 MHzfrequency (max)

12.5 mradcrossing angle

30 mmbunch length

2.11 mmσx (rms)

5 1032 cm-2 s-1luminosity

510 MeVenergy

FINUDA @ DAΦNE FINUDA @ DAΦNE 
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5
FINUDA key features FINUDA key features 

very thin nuclear targets (0.1 ÷ 0.3 g/cm2)

decay mode studydecay mode study

high resolution spectroscopyhigh resolution spectroscopy

systematic error reductionsystematic error reduction

coincidence measurement with large acceptance

irradiation of different targets in the same run
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FINUDA @ DAΦNE FINUDA @ DAΦNE 
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5

Momentum and beam energy calibrationMomentum and beam energy calibration

e+

e−

Bhabha scatteringBhabha scatteringK+ two body decays:
benchmark for

spectrometer calibration

K+ two body decays:
benchmark for

spectrometer calibration

e+e- invariant mass (GeV)

e+e- → e+e-e+e- → e+e-

ρ0 → π+ π-ρ0 → π+ π-

K → π+ π-K → π+ π-0
SK0

1000

2000

3000

4000

5000

180 200 220 240 260

Κ+          π+π0

Κ+         µ+νµ

momentum spectrum (MeV/c)

C
ou

nt
s/

0.
5 

M
eV

/c

∆Tπ= ∆MH ≈ 1.25 MeV FWHM∆Tπ= ∆MH ≈ 1.25 MeV FWHM

∆p/p ~ 0.6% FWHM
∆p/p ~ 0.6% FWHM
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5
The typical event The typical event 

π−

µ+

µ+

Κ+

Κ−

π−

Φ
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5
Target envelope by K - stopping pointsTarget envelope by K - stopping points

Φ

7Li

6Li

27Al51V

12C12C

12C

6Li

Isim 7

Isim 8

Isim 1

Isim 2

12.5 mrad

e+

e-

Φ
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5

∆E ~ 1.3 MeV FWHM∆E ~ 1.3 MeV FWHM

12C(K- ,π-)12C12C(K- ,π-)12C−
stopK C12
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FINUDA vs. KEK-E369 FINUDA vs. KEK-E369 

H. Hotchi et al., Phys. Rev. C 64 (2001) 044302 H. Hotchi et al., Phys. Rev. C 64 (2001) 044302 

∆E ~ 1.5 MeV FWHM∆E ~ 1.5 MeV FWHM

12C(π+,K+)12C12C(π+,K+)12CC12
Λ



16

A.
 F

el
ic

ie
llo

 / 
In

te
rn

at
io

na
l W

or
ks

ho
p 

on
 H

yp
er

nu
cl

ei
 w

ith
 H

ea
vy

Io
n 

Be
am

s –
D

ar
m

st
ad

t, 
G

er
m

an
y,

 J
un

e 
20

 –
21

, 2
00

5

−BΛ  (MeV)

C
ap

tu
re

 r
at

e/
0.

25
 M

eV
  x

 1
0−3

0

0.1

0.2

0.3

0.4

0.5

0.6

−25 −20 −15 −10 −5 10 150 5

#6

#4
#3

#2

#1

#5a)
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5
FINUDA results on      FINUDA results on      Li7

Λ

7Li(K- ,π-)12C7Li(K- ,π-)12C−
stopK Li7

Λ

∆E ~ 1.9 MeV FWHM∆E ~ 1.9 MeV FWHM
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5
FINUDA results on      FINUDA results on      V51

Λ

51V(K- ,π-)12C51V(K- ,π-)12C−
stopK V51

Λ

#1

#6 #7

#4
#3#2

#5

preliminary
preliminary

∆E ~ 1.9 MeV FWHM∆E ~ 1.9 MeV FWHM

51V(π+,K+)51V51V(π+,K+)51VV51
Λ

T. Nagae, Nucl. Phys. A 691 (2001) 76c T. Nagae, Nucl. Phys. A 691 (2001) 76c 

∆E ~ 1.9 MeV FWHM∆E ~ 1.9 MeV FWHM

ground state missing?
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5
Kaonic nuclei: theoretical predictionsKaonic nuclei: theoretical predictions

• E. Friedmann et al., Phys. Rev. C 60 (1999) 024314
• E. Friedman et al., Nucl. Phys. A 579 (1994) 518
• Y. Akaishi et al., Phys. Rev. C 65 (2002) 044005
• Y. Akaishi et al., Phys. Lett. B 535 (2002) 70

• E. Friedmann et al., Phys. Rev. C 60 (1999) 024314
• E. Friedman et al., Nucl. Phys. A 579 (1994) 518
• Y. Akaishi et al., Phys. Rev. C 65 (2002) 044005
• Y. Akaishi et al., Phys. Lett. B 535 (2002) 70

• A. Cieplý et al., Nucl. Phys. A 696 (2001) 173
• N. Kaiser et al., Nucl. Phys. A 594 (1995) 325
• T. Waas et al., Phys. Lett. B 365 (1996) 12
• T. Waas et al., Phys. Lett. B 379 (1996) 34
• A. Ramos et al., Nucl. Phys. A 671 (2000) 481
• A. Baca et al., Nucl. Phys. A 673 (2000) 335

• A. Cieplý et al., Nucl. Phys. A 696 (2001) 173
• N. Kaiser et al., Nucl. Phys. A 594 (1995) 325
• T. Waas et al., Phys. Lett. B 365 (1996) 12
• T. Waas et al., Phys. Lett. B 379 (1996) 34
• A. Ramos et al., Nucl. Phys. A 671 (2000) 481
• A. Baca et al., Nucl. Phys. A 673 (2000) 335

hadron’s properties inside nuclear medium:
- mass and interaction change
- (partial) chiral symmetry restoration

hadron’s properties inside nuclear medium:
- mass and interaction change
- (partial) chiral symmetry restoration strangeness sector:

- strangeness condensation
- neutron stars
- K-N potential
- Λ(1405)

strangeness sector:
- strangeness condensation
- neutron stars
- K-N potential
- Λ(1405)
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5
Kaonic nuclei search with Λ taggingKaonic nuclei search with Λ tagging

missing-mass spectroscopy:

a kaonic nucleus emits a hyperon in its decay

invariant-mass spectroscopy:
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5

E471 evidence for strange tribaryonsE471 evidence for strange tribaryons

M. Iw
asaki, nucl-ex/0310018 v2

M. Iw
asaki, nucl-ex/0310018 v2
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5
“K-pp” → Λp → ppπ- candidate event“K-pp” → Λp → ppπ- candidate event

π−

µ+

p

p

µ+

Κ+

Κ−

π−

Φ

p
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5
Λ momentum distribution and 

back-to-back correlations
Λ momentum distribution and 

back-to-back correlations

mΛ ± 5 MeV

FWHM ≈ 6 MeV
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5
K-pp deeply-bound stateK-pp deeply-bound state

acceptance
corrected

acceptance
corrected

6Li

7Li

12C

contribution from 
Σ0+p decay are seen 
in low mass region

contribution from 
Σ0+p decay are seen 
in low mass region

6Li

Σ0p
Λp

mp+ mp+ mK-mp+ mp+ mK-

improved
P.R.

not yet
acceptance
corrected

not yet
acceptance
corrected

M. Agnello et al., Phys. Rev. Lett. 94 (2005) 212303M. Agnello et al., Phys. Rev. Lett. 94 (2005) 212303



28

A.
 F

el
ic

ie
llo

 / 
In

te
rn

at
io

na
l W

or
ks

ho
p 

on
 H

yp
er

nu
cl

ei
 w

ith
 H

ea
vy

Io
n 

Be
am

s –
D

ar
m

st
ad

t, 
G

er
m

an
y,

 J
un

e 
20

 –
21

, 2
00

5

12C

FINUDA vs. KEK-E471FINUDA vs. KEK-E471

6Li

7Li

T. Suzuki, Phys. L
ett. B

 597 (2004) 263

T. Suzuki, Phys. L
ett. B

 597 (2004) 263
4He(K- , p)4He(K- , p)−

stopK
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5 2 production mechanisms:
1) strangeness + double charge exchange

K- + p → Λ + π0

‌→ π0 + p → n + π+

π- + p → π0 + n
‌→ π0 + p → K+ + Λ

2) Strangeness exchange with Λ-Σ coupling
K- + p → Σ- + π+

‌→ Σ- + p → Λ + n
π- + p → Σ- + K+

‌→ Σ- + p → Λ + n

neutron-rich hypernuclei neutron-rich hypernuclei 

12C
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5
neutron-rich hypernuclei neutron-rich hypernuclei 
pr

eli
mina

ry

pr
eli

mina
ry

+
Λ

− +→+ πBeCK 12
stop

12

+
Λ

− +→+ πHLiK 6
stop

6

+
Λ

− +→+ πHLiK 7
stop

7

++ ±=
ππ

σ p2MeV4246p c/.

++ ±=
ππ

σ p2MeV1249p c/.

++ ±=
ππ

σ p2MeV9262p c/.
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5
neutron-rich hypernuclei neutron-rich hypernuclei 

8.3

5.6

4.0

dE/dx
+ TOF
PID

5.3

3.6

2.6

dE/dx
+ TOF
PID

4.3

2.9

2.1

dE/dx
+ TOF
PID

dE/dx
PID

dE/dx
PID

dE/dx
PID

4.93.22.6present
momentum
resolution

(9‰) 9.46.14.9

6.64.33.5

3 σ C.L.2 σ C.L.90% C.L.PNRH

upper
limit

(× 10-5)

5.6

3.5

2.5

3.5

2.2

1.6

2.8

1.8

1.3 3.12.01.6nominal
momentum
resolution
(3.5‰) 6.54.13.3

4.12.62.1

Λ Be12

Λ Be12

Λ H6

Λ H6

Λ H7

Λ H7
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5
A non mesonic weak decay A non mesonic weak decay 

π−

µ+

p

Φ

Κ−
Κ+µ+

π−
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5
proton spectrum from 12C n.m. decayproton spectrum from 12C n.m. decay

12C inclusive spectrum
bound region

inclusive spectrum
bound region

not yet
acceptance
corrected

not yet
acceptance
corrected

ground state regionground state region

ground state region
coincidence pions

ground state region
coincidence pions
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5
neutron spectrum from 12C n.m. decayneutron spectrum from 12C n.m. decay

12C
inclusive spectrum

bound region
g.s. region

inclusive spectrum
bound region

g.s. region

bound region
in coincidence with p

bound region
in coincidence with p

bound region
in coincidence with n

bound region
in coincidence with n
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5
Total energy spectra from 12C n.m. decayTotal energy spectra from 12C n.m. decay

preliminary

preliminary KEK E462/E508KEK E462/E508
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5
p & n spectra from 7Li n.m. decayp & n spectra from 7Li n.m. decay

not yet
acceptance
corrected

not yet
acceptance
corrected

7Li
protons

inclusive spectrumprotons

inclusive spectrum

not yet
acceptance
corrected

not yet
acceptance
corrected

neutrons
inclusive spectrum

neutrons
inclusive spectrum

pion spectrum
in coincidence

with p

pion spectrum
in coincidence

with p
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5

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

ppHΛ       4 ++

npHeΛ      4 ++
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)
how distinguishable?

pHeΛ   5 +

Γπ− about 102/pb-1

τ
Γp (in coinc.) about 10/pb-1

Γn (in coinc.) a few/pb-1

(rare) decay (rare) decay He4
Λ

Spectroscopized

K- + 6Li → π- + …
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5
→ d + d (rare) decay → d + d (rare) decay He4

Λ

d

d

Κ+

Κ−

Φ

d d
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5
→ d + d (rare) decay → d + d (rare) decay He4

Λ

Κ+

Κ−

Φ

d

d

d

d

µ+
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5
Summary Summary 

first data taking period successfully carried out 
(30 × 106 events on tape)

preliminary and partial results on spectroscopy
are competitive with world published data

observation of K-pp deeply-bound states

experimental upper limit for the NRH production:
better than published one for Λ12Be
measured for the first time for Λ6H and Λ7H 

first observation ofΛ
4He non mesonic (rare) decay
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5
Short term plans Short term plans 

Next data-taking period scheduled in 2006
(~ 1 fb-1 → present statistics × 5)

effort focused on light-medium targets (6Li, 7Li, 9Be , 16O)

Increase by a factor 4 of the DAQ rate

Replacement of the internal TOF detector

Improvement of the reconstruction program
geometrical alignment
detector calibration
pattern recognition strategy
selection criteria

Further data-taking period (hopefully) in 2007/2008
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5
Long term plansLong term plans

The FINUDA spectrometerThe FINUDA spectrometerThe FINUDA spectrometerThe FINUDA spectrometer

Geometrical acceptance
reduced to 72%

Geometrical acceptance
reduced to 72%

The EUROBALL crystalsThe EUROBALL crystals

L≈ 1034 cm-2s-1

L≈ 1034 cm-2s-1
FINUDA2   

@ DAΦNE2   
FINUDA2   

@ DAΦNE2   

Geometrical acceptance
reduced to 72%

Geometrical acceptance
reduced to 72%

The FINUDA spectrometerThe FINUDA spectrometer

JRA6
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5
Long term plansLong term plans

Time-of-flight barrel

Electromagnetic
calorimeter

Cherenkov detector

DIRC

Detectors for
Particle identification Electromagnetic and

Hadron calorimeter
Muon detectors

@


