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Figure 1. On the left the global view of the FINUDA apparatus and on tgbtrthe interaction-target region.

1. The FINUDA experiment

The FINUDA experiment was installed at one of the two interaction points oDIR®@NE
ete collider in LNF (Frascati-Italy). DAPNE is a unique source of low energy negative kaons
(~ 16MeV) from the ®(1020) decay® — K~ K™). TheK~ can be tagged by detecting in co-
incidence the associatéd™ and in this way an efficient background rejection can be performed.
These charged kaons slow down crossing the internal region of theBANapparatus until they
interact at rest in thin targets. The FINUDA apparatus in Fig.1, whosetstaidetails can be
found in Ref. [1], was a non-focalizing magnetic spectrometer within arsopducting solenoid,
which provided a highly homogenous magnetic field of 1.0 T. The trackingwelg- 8m?) was
immersed in a He atmosphere to reduce multiple scattering, a crucial task toeattféeequired
momentum resolution. Its three main regions were:

e Vertex: the 500um Beryllium beam pipe, a segmented detector made of plastic scintillators
(TOFINO), used to start the TOF system and discriminate kaons from Bligger level,
a layer of 8 double-sided microstrip silicon detectors (ISIM) facing theetar@up to 8 dif-
ferent tiles). Targets’ thickness (0.2-0.3 mgfroaused negligible energy degradation and
was accurately chosen to stop the negative kaons close to their exigfiagesto minimize
momentum straggling of the emitted particles.

e External Tracker: a layer of 10 double-sided microstrip silicon detectors (OSIM) facing
the external side of the targets, two arrays of Low Mass Drift Chamh®(C), filled with
a HeiC4H19 mixture and a system of longitudinal and stereo straw tubes (STB).

e External Time-Of-Flight detector: an array (TOFONE) of 72 slabs of plastic scintillator,
10 cm thick, for first level trigger purposes, TOF measurements artdomedietection with
a 10 % efficiency.

The FINUDA main features were: 1) precise kaon vertex reconstry@joRarticle Identification
(PID) using the information of the specific energy loss in ISIM, OSIM, the layers of LMDC
and TOF; 3) high momentum resolution of the tracking systen®©% FWHM for pions of~
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270 MeV/c); 4) multiple targets; 5) large angular acceptancrr sr.

During the first FINUDA data taking period (from Octobertl,42003 to March 2%, 2004) a
maximum luminosity of 710%! cm 2 s~! was reached, with 100 bunches per ring. The average
integrated luminosity per day was aboupB*, and a total integrated luminosity of 25®* was
collected (19Qpb~! useful for physics analyses).

The second FINUDA data taking started on October, 2006 and endeghen 2007. During the
second data taking period an increased peak luminosity4oflD*? cmi 2 s~! was reached. The
average integrated luminosity per day was abopb7! and a total integrated luminosity of 964
pb~! was collected. The targets chosen in the first exploratory data-takingwie(two), “Li
(one),2C (three),?’Al and >V, while in the second run the set-up was madéldf(two), ‘Li
(two), °Be (two),13C and BO.

2. Kgiopphysicswith FINUDA

The stopped— may be absorbed by one nucleon producing a pion and a slow hypérisris T
the basic mechanism of the hypernuclear formation via strangenessgeateaction{ ™ +n —
A+ ). TheK™ absorption may occur also on two or more nucleons without pion emission
(KT+(2N) = Y+N,K™+(3N) = Y+ (NN),K™ 4+ (4N) — Y 4+ (NNN)). These non mesonic
channels can be exploited to search for kaon-nuclear clusters. pbeedmymomentum in the multi-
nucleon absorption reactions is rather large (>500MeV/c) in spite of its lomentum in the one
nucleon absorption reaction.
In the following | will focus on two items of the kaon induced reactiorshypernuclei weak
decays and the study of multi-nuclekn absorption to search for antikaon-nuclear clusters.

2.1 A hypernuclei weak decays

A A hypernucleus may decay by emitting a nucleon and a pion (Mesonic chiive) as
it happens for the\ hyperon in the free space (°°= i/ I'\®°=2.632x 10710 s) according to the
processesA — m p(B.R. =63.9x 1072, ) andA — 1°n(B.R. = 358 x 1072, [ ») (not de-
tectable by FINUDA). In the hypernuclei an alternative channel is epgelue to the many-baryon
weak interaction of thé& with the nucleons: the Non Mesonic Weak Decay (NMWD). The NMWD
mode is dominant in medium-heavy nuclei gAL2), where the mesonic decay is suppressed be-
cause of Pauli blocking. The NMWD can be induced by one or two nuslearthe first case the
hyperon interacts with a single nucleohn(— nn(I'n) andAp — np(I'p)) in the second with a
pair of correlated nucleoné&\NN — nNN (I"2)). The total weak decay rate of'e-hypernucleus is
Nt =Twm+wm, Wwherely andlM iy are, respectively, the mesonic and non mesonic decay widths,
which can be written aby =T +T 0, Tnv =1+ T2 with Ty =Ty +Tp. A systematic study
of MWD [4] of p-shellA-hypernuclei was performed by the FINUDA experiment and, for ttse fir
time, a magnetic analysis af~ spectra from MWD of;Li, 3Be, !B and X°>N was made. The
lower threshold for the detection momentum of theses is ~ 80 MeV/ and their momentum
resolution isAp/p ~ 6% FWHM at 110 MeV/c. The data analysis required coincidence events of
two negative pions from the Kvertex reconstructed in the target, one of them giving the signature
of the formation of the ground-state of an hypernucleus, while the semosdof low momentum
(~ 100 MeV/c), was emitted in the decay.
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Figure 2: Upper figure: kinetic energy spectrum of MWD after acceptance correction f}\ﬁB The solid
curve is a three Gaussian fit to the spectrum to compare watiré¢tical predictions in the lower part; dashed
curves are the single components. Lower figure: mesonicyddoength functions calculated [2] for initial
hypernuclear ground-state spiX [4].

MWD decay rate$ - /I A have been evaluated and compared to previous measurements and theo-
retical calculations. Decay rates were calculated, using kriigw" A values or relying on a linear
fit to the known values of all measurédhypernuclei in the mass range= (4 12). The study
of the pion spectra from MWD can be an indirect spectroscopic investigeta providing infor-
mation on the spin-parity of the hypernuclear ground state; this is basedamgarison between
both MWD spectrum shape and the evaluated decay rate and the thearafitcédtions. In this
way the spin-parity assignmem’[‘(,l\lBg‘s,) =5/2", shown in in Fig. 2, was confirmed and a new
assignment)™(3°Ng s ) = 3/2", was made.

Thanks to the large mass number range and to the low energy thresholdeMpf&htured for
the proton detection, FINUDA could give a precious contribution to the NM$tuilies. The pro-
ton identification efficiency was about 90% while the proton energy resalwasAE /E ~ 2%

FWHM at 80 MeV.

The FINUDA experiment performed a complete analysis of the proton gregrgcetra emitted
in the NMWD of 3He, /Li, 3Be, 3B, 32C, X3C, °N and 3°0 hypernuclei. The analysis method
required a coincidence of a proton and a negative pion, which carrehfibrmation of the hy-
pernuclear state and therefore it was selected in the momentum regiospoomeng to the\—
hypernucleus formation. In th}éc case the momentum selection was extended to the wkole
bound region for statistics reasons. The details of the interval choicexhemustively described
in Ref. [4, 5]. The main background source was khenp) — >~ p absorption on two correlated
nucleons, followed by the in—fligti— — 7 n decay, The reaction was simulated, reconstructed
with the same analysis program used for the real data and subtractedhigcspectra. Among
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Figure 3: On the left two proton kinetic energy spectra from the NMWD,7\d1i, ?\Be. In the blue filled
area the two—nucleon induced NMWD contribution is negligilthe last figure on the rigt shows the ratio
Aow/ (Aow + Anigh) as a function of the hypernuclear mass number [5].

the latest achievements by FINUDA on NMWD, let me focus on the Final Stegealetions (FSI)
and the two—nucleon induced NMWD contributions to the decay procesh fitaton spectrum,
background subtracted and acceptance corrected, was fitted bysai@afunction from 80 MeV
onwards. The spectrum was divided in two parts: an area below the raganabtained by the
gaussian fit, Aw, and Ayigh above that value, as shown in Fig. 3 on the Ieft,7{h'r and?\Be. The
Anigh area is fed mainly by the one-proton induced reaction, assuming the 2Neiddinannel
contribution in this region can be neglected as suggested by theoreticalatialzss. The Ay
region is due to protons from bothp — np and 2N-induced decays. FSI also affects the proton
spectra: Iﬁs"'o"v (NSS'_high) represents the difference between the number of protons detected in
the region below (above) the peak of the spectrum and the (unknowmt)erwof primary protons
which originate from one— and two—nucleon induced weak decays. &oamwrite:

A|OW OSN(/\p — np) + N(Anpﬁ nn p) + NES|7|OW

R= = -
Aow +Anigh  N(Ap — np) + N(Anp— nnp) + NFSHow 4 NFS=high

(2.1)

where NAp — np) is the total number o\p — np decays, assumed distributed half ipyAand
half in Anigh, and NAnp — nnp) is the total number ohnp— nnpdecays. Due to FSI effects, both
Ajow and Anigh are expected to be proportional to A, and the results of the fit of suchendence
induced to consider R as a simple linear function of A as shown in Fig. 3. Altétails of
this analysis can be found in Ref. [5]. Assuming thep — nnp process as the dominant in the
2N-induced NMWD channel anid, /T , independent from A, R(A) can be re-written as one:
0.5+ T2
R(A) = 7rp+bA. (2.2)
1+ 22

Mp
This equation can be solved fbp /I, considering each hypernucleus. From the weighted average
of the solutions the experimental vallig/l ,=0.43£0.25 is determined for the first time and the
valuel /T nmwp=0.24+0.10 for the two—nucleon stimulated decay rate to the total decay rate can
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also be extracted. This,/I'nvwwp ratio is in agreement with both theoretical predictions [6] and
the latest experimental results of Ref. [7, 8].

2.2 Search for Bound K-Nuclear Clusters

In the hadronic physics field the existence of Bolilluclear Clusters is a controversial and
interesting topic from both the theoretical and the experimental point of vidve existence of
these aggregates (nucleons bound rather tightly by an anti-kaon) @uddrhportant implications
expecially in the astrophysics field and in the understanding of the feaifitks strange nuclear
matter.

The general understanding of thKeN and KA interactions does not foresee the existence of de-
tectable states, because their width (80-100 MeV) is forseen to largebe@xbeir separation
[9][10], except maybe in heavy nuclei [11].

On the other hand the phenomenological approach developed by Akadiamazaki [12] claimed
the existence, expecially in light nuclei, of strongly bound systems (DBKS){ 110 MeV), with

a width as narrow as 20 MeV and therefore clearly detectable.

From the experimental point of view the observation have been very fiélhnow. FINUDA can
exploit both the analysis techniques used so far to identify DBKS, the imiariass spectroscopy
and the missing mass method, thanks to its large acceptance and to the complete¢hedID
information provided.

To search for kaon-nuclear clusters their non-mesonic decay dsaramebe exploited:/p), (Ad),

(A1) distributions have been studied by FINUDA to investigate pp), (K~ ppn and K~ ppnn
systems. The main source of background is played by the multinucleorpéibeareaction fol-
lowed by FSI of the outgoing particles, increasing its relevance with the memsbear. FINUDA
could measure in coincidence high resolution momentum spectra for prétsnsleuterons and
tritons with a full topological event reconstruction. In the data from lighgess fLi,”Li,2C) an
enhancement was observed by FINUDA at about 2.25 GeX/he (\p) invariant mass spectrum
for back-to-back pairs, as shown in Fig. 4. It could not be explainetth® the simpld&— absorp-
tion mechanism in thé&p channel leaving the daughter nucleus in the ground state, which peakes
at 2.34 GeV/é. TheK~ absorption inta=®p and subsequer®’ decay in/\y cannot explain the
signal, because the signature in this case would be much narrower andveraifee branching
fractions of the two channels do not comply with the observed strength diubhmp [13]. The
Breit-Wigner fit of the observed bump leads to assign a binding energysof(stat)"3(syst) MeV

and a width of 671}(stat)"5(syst) MeV, with a production rate of the order of 0.1/, Further
details of the analysis can be found in Ref.[14].

For the K~ ppn) system a mass of (3120-3152) Me¥/corresponding to a binding energy of
(170-190) MeV, and a width of (13-21) MeV are predicted by Ref.[t&pending on the isospin
configuration. FINUDA studied théLi(Kg,p,/Ad) reaction and a strong/\d) correlation was
found. In the(Ad) invariant mass distribution, shown in Fig. 5 on the left, a bump can be olaserve
at~ 3250 MeV/& , fed by strongly back-to-back correlatétld) pairs, which is compatible with
the existence of &~ ppn) system with a binding energy of about 60 MeV. The details of the ana-
lysis can be found in Ref.[15].

The clean Particle IDentification of tritons in FINUDA allows also the study of(tfki channel.
Coincidence events with a triton, a pion and a proton were found andtth® {nvariant mass of
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Figure 4: A\ — p invariant mass distribution, acceptance-correctedgint liargets whew — p pair is back-
to-back correlated [14].

these events shows a narrow peak around\tmass value as shown in the Fig. 5 on the right,
practically without background./\(t) pairs feature a strong back-to-back correlation and the mo-
mentum of both the particles is larger than 450 MeV/c. FINUDA could deteetadly 40 (\ t)
events produced in light target®.(,’ Li,’ Be); the capture rate of th€~ absorption reaction in
the At channel could be measured for the first time: averaged on the threé, auéue of about
10*3/K;t0pwas found of the same order of the other kaon absorption channels.

3. Conclusions

A total integrated luminosity of 1.2 ftt was collected by FINUDA in two differents data-
takings. Thanks to its large acceptance and to the provided PID informdbhisilA was able to
explore a rich scientific program of Kstopped physics. Focussing on hypernuclear decays, the
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Figure5: On the leftA —d invariant mass distribution from Ref. [15] and on the right @) invariant mass
in coincidence events with a triton, a pion and a proton frozh R16]

first magnetic analysis of the MWD negative pions was performeg-&ivellA-hypernuclei and the
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MWD decay rate$ ;- /T’ A have been evaluated and compared to previous measurements and the-
oretical calculations. With these information FINUDA could suggest adi&@#°Ngs ) = 3/2" as-
signement and confird(3!By s ) = 5/2". On the Non Mesonic Weak Decay side FINUDA could
study the proton kinetic energy spectra following the NMWD\ehypernuclei in thé = (5 16)
mass range. Thanks to this large systematics and the low kinetic energyottristproton de-
tection a linear dependence of FSI on the hypernuclear mass numberfaumas FINUDA made

the first experimental determination of the rafig/I", = (0.43+ 0.25) in a model-independent
analysis.

Thanks to the FINUDA capabilities th€™ absorption processes on nuclei can also be investigated.
The strong angular correlations found mp(), (Ad), (At) can suggest the existence of an interme-
diate strange state. The data analysis of the last run offthg (Ad) channels is underway and
the larger statistics will allow to disentangle the contributions of the two chann#ig idifferent
nuclei and shed light on the hot and controversial topic of the kaonieauclusters existence.
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