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New measurements of the proton spectra from Non Mesonic \emiay (NMWD), with the
FINUDA experiment, triggered a search on the two nucleotd@dAnp — nnpdecay. This

leads to the determination 6%/ nywp = 0.21+ 0.07statf8:8§§§:
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1. Introduction

The information coming from the study of tiehypernuclei weak decay channels completes
the knowledge on strange nuclear systems by spectroscaipgdyboth by missing mass analyses
and y-ray measurements/\-hypernuclei decay through both mesonic (MWD) and non-mieso
weak decay (NMWD) processes. In MWD tiAehyperon decays to a nucleon and a pion in the
nuclear medium, similarly to the weak decay mode in free spac

n+7m°+411 MeV (35.8%) (1.2)

in which the emitted nucleon (pion) carries a momentym 100 MeV/c. The theory of hyper-
nuclear MWD was initiated by Dalitz [1, 2], and motivated Inetobservation of MWD reactions
in the pioneering hypernuclear physics experiments withtgraphic emulsions. Following the
development of counter techniques for usgkn, m ) and (rrt,K™) reactions on nuclei in the
1970s and 1980s, a considerable body of experimental ddig-oand/orl ;0 is now available on

light A-hypernuclei up td\ZC ([3] and references therein).

In NMWD the A—Hypernucleus decays through processes which involve & iwesaaction of
the constituent\ with one or more core nucleons. The importance of such a psagas pointed out
just at the beginning of hypernuclear physics: Cheston aingaRoff gave a quantitative discussion
of the possibility that a\—hyperon bound to nucleons might undergo NMWD in 1953 [4}th#
pion emitted in the hadronic verteX — mN is virtual, then it can be absorbed by the nuclear
medium, resulting in a non—mesonic decay of the followines;

AZ 5 A2Z-1)+p+n  (Tp) (1.3)
AZ 5A2Z4intn (M) (1.4)
AZ -5 A3Z EN+EN+EN (M) (1.5)

The channel (5) is known as two-nucleon induced (2N) decayisadue to the interaction of
the A with a pair of strongly correlated nucleong! stands forZ, Z— 1 or Z — 2 depending on
the particular nucleons combination. The total NMWD rateé&hypernucleus is given by their
sum: M'ywwo = Mp+n+ 2. Several important experimental progresses in NMWD stualyeh
been made in the latest years but no experimental evidercéden obtained so far for the 2N
induced decay. In the present work we report on measurerbgrttee FINUDA experiment and
we will describe two independent analyses of the NMWE} bf, ABe, !B, 3°C, 13C, °N and+°0
hypernuclei which provided values for the 2N decay. The detepanalysis and discussion of the
results was already published in Ref. [5, 6].

2. Analysismethod and results

The results reported in the present paper have been obthynadalyzing the data collected
by the FINUDA experiment, from 2003 to 2007 and correspondrtantegrated luminosity of

*Speaker.
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1.2 fb!. FINUDA is a fixed target experiment installed at one of the wteraction points of
the DA®NE e"e~ ¢-factory of Laboratori Nazionali di Frascati (INFN—Italy\-hypernuclei are
produced by means of thH& ~—, 77) reaction withK s at rest by stopping in very thin targets the
low energy ¢ 16 MeV) K~'s coming from the® — K~K™ decay channel. FINUDA was a mag-
netic spectrometer immersed in a uniform solenoidal magfietd of 1 T. The tracker included a
combination of silicon microstrips (OSIM), low mass driftambers (LMDC) and a stereo system
of straw tubes (ST). It was optimized for the detection ofrgkd particles featuring a momentum
resolution< 1% FWHM for i~ of 250-290 MeV/c, corresponding to the formation of hypernu
clear bound states, and an energy resolutionpfoanging from 13% to 4% FWHM for kinetic
energies from 90 MeV down to 50 MeV [5]. Its angular acceptawas 2t sr. OSIM and LMDC
were used also for P.Id. of the charged particles. The infldUBA detector was an hodoscope
of thin scintillator slabs (TOFINO) arranged around therhgspe at the€"™, e ™) interaction point.
An array of silicon microstrips (ISIM) was located outsid®HINO, very near to the targets, to
determine the position of th&* interaction point. An array of eight target tiles was lociakee-
tween ISIM and the tracker. The outer FINUDA detector, chlf®©FONE, was a plasti¢CH);
scintillator barrel (10 cm thick) surrounding the trackérwas also used to detect neutrons (and
photons) with an efficiency of about 10% for neutrons in thergy range 15-150 MeV. The parti-
cles Time-Of-Flight (TOF) was measured by the (TOFINO-T@®IEQsystem. The analysis was
performed on events collected out&fi, ’Li, °Be, 1°C, 13C and D,0) targets. The experimental
method is briefly described here, while full details are regmbin [5, 6]. To investigate the NMWD
process all the events characterized by the presence ofawtiglps emitted in coincidence were
selected: ar~ with a momentum as high as 2690 MeV/c, gives the signature of the formation
of the ground-state of the hypernuclear system or of a lomglygxcited state decaying to it by
electromagnetic emission and a proton coming from the damanteraction vertex, which gives
the signature of the NMWD. Protons were identified with arcedficy of 90% and the proton en-
ergy resolution wadE ~2% FWHM at 80 MeV. A further requirement was made asking fer th
detection of a neutron. The outer FINUDA detector, called-ODME [6], a barrel of 72 scintillator
slabs was used for trigger and P.Id. (by Time Of Flight) of¢harged particles and to detect even
neutral ones with an efficiency of the order of 10% for newranthe range 15-150 MeV. The
energy resolution on the neutron+gl3% at 10 MeV and-10% at 100 MeV. With regard to the
NMWD study, in Fig. 2 the kinetic energy spectra of protonsaty from the NMWD of?\He,
ALi, $Be 1B, 22C, 13C, 15N and 280 are shown. All the spectra are background subtracted and
acceptance corrected; the errors in the spectra areistdtmly and include both the contributions
from background subtraction and acceptance correctionesimated a systematic error of less
than 5%. Even though affected by considerable errors, iticp&ar in the low energy region, the
proton kinetic energy spectra show a clear trend as a funcfithe hypernuclear mass numlger
(from 5 to 16): a peak around 80 MeV (which corresponds to tibalfi of theQ-value for the free
Ap — npreaction) is broadened by the Fermi motion of nucleons anarand more blurred as
Alincreases. The peak is smeared, on its low energy side, kg #iat can be ascribed to FSI and
two—nucleon induced weak decays.

To estimate the contribution of this last channel each prefzectrum from 80 MeV onwards was
fitted by a Gaussian function. It was assumed that the prgectsim beyond the peak mean value
is due to protons coming from thep — npreaction and that the 2N channel can be neglected in
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this region (Aign). On the contrary, the spectrum below the peak mean valeelisyf protons from
bothAp — npand 2N decays and is also affected by FSh(\

The determination of the 2N decay was based on two assursptiba first one is that the two—
nucleon induced NMWD is dominated by tenp — nnp channel (F'; = I'(Anp — nnp) +
F(App— npp) + T (Ann— nnn) = Fpp+ T pp+Ton =~ Top) since the recent microscopical cal-
culation of Ref. [11] quotd np : Mpp: Min = 0.83 : 012 : 004 and the second one stands on a
constant /I, ratio for the considered hypernuclear mass range.
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Figure 1. Proton kinetic energy spectra from the NMWD of (from left tght): He, ZLi, 3Be, 1B, XC,

13C, 2N and}80. The blue filled area is the spectrum area in which the twolemmcinduced NMWD is
negligible.

Consider now the ratio:

-
A 0.5+ 2
R= v _ P 1 DbA. 2.1
Aow + Anigh 1_|_Q 1)
rp

In Fig. 2 the experimental values of this ratio are plotted &sction of A.

Applying a model independent analysis, fully describedbie{value ofl »/I", = 0.43+0.25
was determined. As discussed in [5], to deternfipé nmwp the /T ratio needs to be known.
Using recent experimental results [8] fi)H and for }\ZC together with the above determination
of I'/I"p one obtaind > /I'ymwp = 0.24+0.10. In a following analysis of the events with triple
(7T, n, p) coincidences a neutron was required in addition. \&& faked for each hypernucleus a
proton energy thresholl,=20 MeV below the Gaussian mean vajudound in [S]. We verified
that this value was the best compromise on the signal/backgrratio and furthermore we chose
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Figure 2: The ratioAiow/(Aow + Anigh) as a function of the hypernuclear mass number.

a threshold for the angular correlation between the newtrahthe proton of c&{np)=-0.8.
We analized then tripler(, n, p) coincidences selecting all the events vithlower than the
threshold and ca{np)>-0.8. These events correspond mainly to ftrgp — nnp process with a
small contribution of FSI.

For each nucleus the following ratio was then considered:

_ Nnp(Ep <EN",cosbp > —0.8) 0.8,
Re(A) = Np(Ep > H) e

where the numerator of the first fraction indicates the nurobap events satisfying the condition

which selects two—nucleon induced candidatesNy(&, > u) is the number of protons in the part

of the spectrum of Ref. [5] above the Gaussian mean value.

Fig. 3 shows the dependenceRf(A) on the Hypernuclear mass number. Also in this case it is

possible to apply the same considerations onthependence of FSI afg@ used for the study of

the single proton spectra.

Using the values dR(A), obtained for each hypernucleus, we get:

+bA, (2.2)

rr—”; = 0.394 0.165tar " 03ys (2.3)

Using the experimental value &f,/T , reported in [8] forHe and2C and our determination
of Mp/I p We obtainl o/ nwwo = 0.21+ 0.07statf8:8§32 . This value supports the latest theoret-
ical predictions [13] {2/ nmwp=0.26), the recent experimental results of [LOp@+ 0.13) and
the previous FINUDA result [5], but bears a smaller erroricGlating the weighted mean of the
experimental determinations [6, 10]6fy /T nmwp at our disposal one found that the contribution
of the two—nucleon induced decay i28+ 0.06.

3. Conclusions

The FINUDA experiment has performed a systematic study oiMD/icharged particles spec-
tra of A—hypernuclei in thé\ = 5+ 16 mass range. The kinetic energy spectra of protons from the
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Figure3: The ratioN,/N, as a function of the hypernuclear mass number A.

NMWD were analyzed and it was possible to disentangle théennd-SI effects and the 2N de-
cay contribution to the NMWD process: an experimental vatE,/I'ywwp = 0.24+0.10 was

obtained. This result was confirmed in the analysis of thaetrfrr—, n, p) coincidences, with a

reduction of the error and leading to an estimaté 9ff yywp=0.21+ 0-07statt8:8§:§
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