
experiment at DAFNE

Vincenzo Lucherini - LNF

p π-π-

μ+



FINUDA



FINUDA
Hypernuclear Physics (and more) at DAΦNE e+e- collider

The K- can be stopped in thin targets (~ 0.2  0.3 g cm-2) to produce Hypernuclei 

Hypernuclear decay Hypernuclear spectroscopy

K-
stop+         + π-

L
ZAZA

In general FINUDA is able to study many facets of K-
stop-Nulceus interactions

e+e- Φ(1020)      K+K-

~16 MeV

The Φ decay at DAFNE is a source of:

•charged (and neutral) kaons

• (almost) collinear and tagged

• low energy (~16 MeV)



Detector capabilities:

 Selective trigger based on fast 

scintillation detectors (TOFINO, 

TOFONE)

 Clean K- vertex identification

(ISIM P.ID.+ x,y,z resolution + K+

tagging)

 p, K, p, d, t … P.I.D. (dE/dx)

 High momentum resolution (6‰ FWHM) 

tracker resolution+Hebag+thin targets

 Time-Of-Flight (TOFONE-TOFINO)

 Neutron detection (TOFONE)

The FINUDA Detector

A Large acceptance Spectromer
immersed in a highly uniform 1 T
magnetic field generated by
a superconducting solenoid

K- from F decay at rest:

sin2(Q) respect to beam

pipe axis

The volumes between the

tracking detectors are filled

by He to minimize multiple

scattering effects.



Experiments on DAFNE at a glance

2x 6Li, 1x 7Li, 3x 12C, 1x 27Al, 1x 51V 2x 6Li, 2x 7Li, 2x 9Be, 1x 13C, 1x 16O
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LI: 200 pb-1 LI: 960 pb-1



A strong feature of FINUDA: excellent PID for Charged Particles
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FINUDA physics program

- L HYPERNUCLEAR SPECTROSCOPY
essential tool for testing :

• theoretical models of L-N potentials 
• single particle nuclear model predictions 
• bound states with strangeness

- HYPERNUCLEAR DECAYS
• study of baryon-baryon weak processes in nuclear 

matter: LpN and LNNN and more…
• Neutron-rich hypernuclei and rare decays

- SEARCH FOR:
• K- multi-nucleon absorption
• Deeply bound kaonic nuclei

S+/- production

and, moreover:



FINUDA physics program in more detail

… and S+/- production

and on more nucleons



Hypernuclear spectroscopy

Measurement of the

(prompt) p- momentum



How it works

the measured p- momentum spectrum is

transformed in a -BL spectrum, and the

obtained spetrum is “fitted” by a

simulated one, that includes the known

processes plus peaks due to hypernuclei

formation
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Procedure verification:

data - “fit” (only in the background region)
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Extraction of the capture Rates

The m+ (from K+
stop decays) are used to calculate the overall detector efficiency eD











The       arrows indicate the “stabilization” of the results due to the fine

tuning of the analysis procedure, now in its final phase.



NMWDMWD



11BL

decay p-

Spin assignment with FINUDA MWD data





NMWD: proton kinetic energy in the (5-16) A range

The line is a gaussian fit using only the shadowed zone of the spectra



NMWD: FSI & Anp evaluation

Using reasonable

assumptions and known

results (from data and

calculations), one gets,

finally:



Rare hypernuclei decays in FINUDA
 large angular coverage (~4π)
 Excellent particle identification for 

charged hadrons 
 Good momentum resolution
 Capability to fully reconstruct the 

event topologies
 Set of several targets allowing the 

production of different 
hypernuclei and hypernuclear 
fragments

• 4
ΛHe hyperfragments production, from all targets

– 4
ΛHe → dd

• d momentum: 570 MeV/c

– 4
ΛHe → pt

• p momentum: 508 MeV/c

• 5
ΛHe hypernucleus formation

– From 6Li targets: K- 6Li →  5ΛHe + p + π- (π- momentum:  275.15 MeV/c)

– From 7Li targets: K- 7Li → 5ΛHe + d + π-

– NM two-body decay: 5ΛHe → dt

• d momentum: 597 MeV/c

dE/dx p.id. TOF p.id. 
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Neutron-rich hypernuclei

FINUDA can access to two production mechanisms

(inside nuclei):

1) strangeness + double charge exchange

K- + p → Λ + π0

 → π0 + p → n + π+

2) strangeness exchange with Λ-Σ coupling

K- + p → Σ- + π+

 → Σ- + p → Λ + n

Two step reaction  low yield expected

Possible signature in p+ spectrum following K- absorption



Search for neutron rich hypernuclei
6
LH from 6Li and 7LH from 7Li targets

PLB 640 (2006)145 

2003-04 data taking:

p+ inclusive spectra

2006-07 data taking:

p+ spectra in coincidence with p- (decay) 



0.094<p-<0.104 GeV/c0.096<p-<0.106 GeV/c

0.098<p-<0.108 GeV/c0.100<p-<0.110 GeV/c

0.094<p-<0.104 GeV/c0.096<p-<0.106 GeV/c

0.098<p-<0.108 GeV/c0.100<p-<0.110 GeV/c

7Li 7Li

7Li 7Li

6Li 6Li

6Li6Li

p+ p- coincidence, with p- in selected 
momentum regions of MWD 

p+ momentum (GeV/c) p+ momentum (GeV/c) p+ momentum (GeV/c) p+ momentum (GeV/c)

p+ momentum (GeV/c)p+ momentum (GeV/c)p+ momentum (GeV/c)p+ momentum (GeV/c)



For K--Nucleus interactions Λ identification is a crucial item

Straw tubes Wire chambers

Beam pipeVertex detector

Plastic 

Scintillators

p

π -

π -

π -

π -
p

μ+ μ+

FINUDA FRONTAL VIEW

VERTEX REGION

K-

K+

L

FINUDA is able to reconstruct the L vertex 

also outside the active tracking volumes



Λ Momentum: FINUDA inclusive spectra

 The requirement of a μ+ in coincidence 
eliminates possible distortions due to the 
applied trigger

All targets, all tracks (short+long) 2006-07 data

The two component structure 

remains

4He 12C MC
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Λ Momentum inclusive spectra vs A
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A(K-,Lp)X 

B = 115+6
-5 (stat)+3

-4 (sys) MeV
=  67+14

-11(stat)+2
-3 (sys) MeV

Yield ≈ 0.1%/stopped K-

FINUDA Coll., PRL 94(2005)212303

6Li

6Li(K-,Ld)X

FINUDA Coll., PLB 669(2008)229FINUDA Coll., PLB 654(2007)80

A(K-,Lt)X 

Λ “high momentum” component related to the most interesting findings



Neutrons identification in FINUDA

The Tofone thick slabs provide a 8% neutron detection efficiency

TOF allows n/γ signal discrimination with the requirement of

no hits in the tracking detectors facing the fired tofone slab 

But background prevails, unless physical correlations or selection are imposed



Example of neutrons identification in FINUDA: 
Lnp NMWD ?

1st event: pnn in coincidence with a prompt p- from hypernucleus level formation

7Li

n1

n2

p-

p

K-

K+

θ (n1p)= 102.16 °

θ (n2p)= 164.32 °

E(n1)= 16.94 MeV

E(n2)= 109.70 MeV

E(p)=51.04 MeV

Etot= 177.68 MeV

Missing mom.=216.13MeV/c



2nd event: pnn in coincidence with a prompt p- from hypernucleus level formation

K-

K+

9Be

p-

p

n1

n2

θ (n1p)= 128.46 °

θ (n2p)= 95.39°

E(n1)= 20.17 MeV

E(n2)=31.52 MeV

E(p)=71.77 MeV

Etot= 123.46 MeV

Missing mom.=252.47 MeV/c



3rd event: pnn in coincidence with a prompt p- from hypernucleus level formation

θ (n1p)= 128.46 °

θ (n2p)= 95.39°

E(n1)= 20.17 MeV

E(n2)=31.52 MeV

E(p)=71.77 MeV

Etot= 123.46 MeV

Missing mom.=252.47 MeV/c

7Li

K-K+
p-

p

n1

n2





The insets are after applying selection cuts (angular and momentum 

correlations, track quality, missing mass …) 

Σ- and Σ+ identification in K- 6Li  (nπ+π-)X events

Σ-Σ+



(Σ-π+) vs (Σ+π-) QF production strength

• Acceptances of the two 
channels factorize away (same 
nπ+π- sample)

• Dominance of Σ+π- QF 
production channel over Σ-π+ on 
all targets

– Expected value for K-p at 
threshold (integrated on all 
decay channels):

g = (2.36  ± 0.04)

– Sizeable in-medium 
interactions: Σ-p → Λn

– The Σ+ “feels” less the nuclear 
medium (decay at rest)

– Larger in-medium interaction 
(conversion reactions) of Σ– in 
heavier nuclei
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Charged pion momentum from K- 6Li  (nπ+π-)X events  after S+/- selection



1993 FINUDA experiment proposal (preprint LNF-93/021, 11 May 1993) 

……………………………………………………………………………………………

2003-04 FINUDA 1st data taking (200 pb-1 integrated luminosity)

2006-07 FINUDA 2nd data taking (968 pb-1 integrated luminosity)

2008 FINUDA 3rd data taking proposed in 2009 (for 1 fb-1 integr. lum. )

The proposed 3rd data taking could not find room in the LNF planning:

“… The FINUDA collaboration was placed in stand-by, until the uncertainties on the 

roll-in of KLOE (entailing the switch of the IR) could be removed. It now appears clear 

that the roll-in of KLOE in late 2009 will take place, which suppresses the time window 

that FINUDA could have used. …” 37th MEETING OF THE LNF SCIENTIFIC COMMITTEE  (December 1 - 2, 2008)

As a consequence, at beginning of 2009, decision was taken to 

de-commission the experiment



CONCLUSIONS

The FINUDA original proposal was put forward in1993 –Prepr.  LNF-93/(021), 11 May 1993-, but 

it could have its first data taking starting only in fall 2003.  The second, and last one, started in fall 

2006.  FINUDA had a total integrated luminosity of just 1.2 fb-1, the lowest allocated to any of the 

different  lines of reasearch on DAFNE.

In spite of this unfavourable conditions, it can now be said that:

The FINUDA main task (the simultaneus study of spectroscopy and decay of hypernuclei in a

broad range of A) can be considered achieved, with the ability of the apparatus to measure

also MWD and rare decays into d-d and p-t of light hypernuclei, not foreseen in the proposal.

Some other items, as the search of neutron rich hypenuclei, and the decay of hypernuclei into 

channels with two neutrons, have instead been strongly hampered by the low statistics that 

FINUDA could collect.

FINUDA turned out able, however, also to reconstruct secondary verteces and short tracks of 

light ions . This opened the possibility to study the interactions of stopped K- on multi-nucleons 

aggregates inside nuclei, that, in its turn, allowed to discover the emission of correlated (in 

momentum and angle) high momentum Lp, Ld and Lt pairs. Such findings have generated 

worldwide interest since a possible explanation could be the formations of the controversial so 

called “deeply bound kaonic nuclear states”. Moreover, also S+/- production could be studied.

Regrettably, FINUDA had not another chance to deepen its original, fashinating

findinds. Anyway, it can be said that, in many respects,  it “showed the path”, as a

shining comet crossing the deep blue sky of kaon-nucleus interactions.


