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1. Introduction

TheK™ and hyperon interactions with nuclei were investigated by the FINUDA cotktion
via a wide program of experimental studigk [[lL[]2[]3[] 4, 5]. This wasraptished by measuring
several mesonic and non-mesonic reaction channels lfteabsorption at rest on light nuclei
with the FINUDA spectrometer. This allowed the study of subjects such aa-ttependence of
A capture into nuclear bound stat¢b [[lL, 2] or the possibilit)Kofs forming quasi-bound states
[B. B.[B]. The present study focusses onityg, A — m=Z¥A’, which is an effective tool to study
the role of nuclear matter on th€™ p interaction at threshold. Thi€~ p interaction is strongly
influenced by the presence of thé1405) below threshold and is expected to sensibly vary inside
nuclear matter. The nuclear medium infact strongly affects\tiet05 properties which reflects
on theK™ p in-medium interaction.

The study ofKgq, p — =3 reaction on a bound proton, which is a dominant channel after
K~ absorption, is therefore an effective tool to study the under-thrediesidviour.

The Kgop A — TTEZFA’ reaction was studied ofLi, 'Li, °Be, 3C and 10 by analyzing
A(Kgop, T 11" N)A’ events and reconstructing tehyperons via their decay channé&ls — nrrt.
Un unambiguous identification of the together with the presence of a charged pion allows to
get rid of the non mesonik production as well as of the events where R®have undergone to
>N — AN conversion.

2. Theexperimental procedure

Negative kaons are the result of phi meson decays; KK+ (B.R~ 50%), theg's being
produced almost at rest by tede™ — ¢(1020 reactions at the DRNE collider. The kaons,
emitted nearly back-to-back, traverse the beam pipe, a thin scintillatorl Bg@OFINO) and
the inner tracking devicd][7](1ISIM), before stopping inside th€.25 gr/cn? thick targets, about
20.0x5.3 cn? in area. The targets are arranged -as the other detectors- with cylirgimaetry
around the beam axis, and are mostly solid, except¥mnd*®0, the first consisting of a carbon
powder and the second of liquid,O. Besides TOFINO, placed close to the beam pipe with a
diameter of 11 cm, there exists another detector made of plastic scintifatorQ#J@NE) which
consists of 72 trapezoidal slabs 2 m long and 10 cm thick organized astes sf a barrel. While
TOFINO is used for starting the time-of-flight systetof) and for triggering purposes, TOFONE
is used as the stop-counter of the FINUBA, which is used to determine the neutrons momentum
as well as for triggering purposes.

The neutron momentum resolution was determined by measuring the monokingticnse
coming from the decay of stopped after tagging them with that emitted in opposite direction
after=™ — nmr™ decay. The momentum distribution of such neutrons displays a peak atiA82.6
MeV/c and a width of 8.40.2 MeV/c (©).

In between TOFINO and TOFONE the tracking systems is placed, whichistens 2 layers
of double-sided micro-strip silicon sensoffs [7] whose internal layer etémtat about 7 cm from the
trajectories of the&te colliding beams, close to the targets. The outer layer (OSIM) provides the
first point of the outgoing tracks, right outside the targets, while the fésedracking is performed
by two intermediate layers of low-mass drift chambéis [8] and an outey afratraw tubes[[]0]
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Figure 1: nir andnrr* invariant mass distributions for tfi (Kgop, nr7)A’ reaction. The hatched peaks are e
(left) and= ™ fitted signals. In the insets the constraimad™ invariant mass distributions are shown(details in the text).

which is composed of six layers, the inner being set at 111.0 cm from thdicg beams. With
the FINUDA magnetic field set at 1 T, positive pions of 184061 MeV/c are measured with a
resolution corresponding to@of 1.72+-0.06 MeV/c.

The detectediit 11t events were filtered requiring a vertex in one of the targets between the
trajectory of the initial kaon and the track of one of the two final pions. Tdréex is reconstructed
with an average spatial resolution of 0.7 mm, due to the relevant kaon strqgiggide the target.
Particle identification is performed lE /dX techniques over the two vertex detector and the two
drift chambers layers achieving an overall pion ID efficiency abov#.98

The =¥ were identified by means afrr~ andnrmr' invariant mass which are shown in Fig.
1. for SLi. The sharp peaks at 119%8.4(c) MeV/c? and 1189.2-3.5(0) MeV/c?, identify the
>T signals. The background appearing in the invariant mass distributions i$ymaimbinatorial
background due to the presence of two pions in each event, and baokigdue to the presence
of gammas which may emulate neutrons in TOFONE, and to neutrons which nitsr sxiore
being detected.

A relevant background reduction is obtained by requiring the kinematierolbles of tharr™
events to belong to the phase space volume okthe» nit™ decays as can be seen in the insets of
Fig. 1: the signal 9 to backgroundB) ratio obtained with such a constraint(iS/B)s-=4.5 and
(S/B)s+=3.6, beingSthe area of the hatched peaks takenat 2

3. Results

The missing masses, the momentum distributions and the emission rates which wit be d
cussed in the following, are scarcely affected by the presence ofgjlmaakd due to the quasi-
exclusive character of the reaction studied, which allowed to get rid ot wiothe quasi-free
background reactions. Fig. 2 shows th&{p, 2 ™) missing massN) spectra offLi, formed
with the same data constrained to belong to the hatched peak in the inset of Hig. nbminal
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Figure 2: Missing mass distribution for theLi(Kgp, m 27 )A’ reactions. The dash-dotted line indicates the physical
threshold of the missing mass, while the dashed line indicates the lowerdltesivsen for the analysis.

physical thresholdA' = [*He+ n]) of the missing mass and the one taking into account (at a 3
o value) theg=3.1 MeV/& experimental resolution are indicated with dashed and dashed-dotted
lines respectively. It is interesting to note that both distributions are peakadout 10 MeV/E
above threshold with a FWHM of 22-24 Me\c This is an indication of the quasi-free nature

of the reaction, with more than 96% of the energy being carried by the ddtpatticles. This

also suggests that the outgoing detected particles are scarcely distofiadllsfate interactions,
while the value of the average missing energy could be explained by thgydnes sufferred by

the r* =7 pairs while travelling inside the target medium or by excitation of the residuzlens.
Similar conclusion can be drawn for the other examined nuclei (figurehwts).

In Fig. 3. the measured momentum distributions of prompt pions after acoeptanrection
are shown for all the measured targets. Grey-filled histograms refergatiae pions, open his-
tograms to the positive ones. The arrows indicate the phase-space limie ot tio be unbound.
The shapes of the pion distributions slightly vary with A, the main differenpeapng when com-
paring the positive to the negative distributions, which differ mainly becatitee different phase
space-limits related to the™-X~ mass difference. Negligible distortions are expected because of
the pions traversing the thin target medium. Fig. 4.shows the meaZtregomentum distribu-
tions (grey-filled hystograms) for tHfi targets, as determined by measuring the momenta of their
decay products. While thE~ distribution bears a rather symmetric shape, 160MeV/c wide, a
narrow peak appears in tl® momentum distribution at around 0 MeV/c. The (£*) decaying
in flight have an average momentum of 160 MeV/c (174 MeV/c). At such lomerda there is a
relevant probability for th&'’s to loose all of their energy by collision energy loss in the target and
stop. Once at rest the ti¥ebehaviour strongly depends on its charge: while IHedecays free,
theX™ is captured by a target nucleus and later underg@eg\aonversion. Sincé-hyperons are
not considered in the present analysis hemomentum distribution shows no strength at around
0 MeV/c.

In order to better undertand the measured momentum distributions, a MoriteeGde was
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developed, which employs th&;,,A — ST A quasi-free reaction to generate thenomentum
spectra and filters then the spectra through the geometry of FINUDA, waigzhaccounts for
the interaction of2™ with the target media. The resulting momentum spectra before (full dots)
and after (open histograms) filtering are finally compared with the measuretentom spectra
showing a reasonable overall agreement.

Similar shapes as féLi are found for the other target nuclei studied, which indicates a rather
weak dependence on A of the reaction for p-shell nuclei, consistentlythettfact that-A con-
version in not contributing to the measured spectra.

The niz*/Ks?op emission rateRa were also evaluated and are displayed as a function of A in
Fig. 5. (top) together with older measurements resultétoa[[L1] andC [I3]. The values are
corrected for the amount of unobsen®d's as deduced from the value of at rest decay inthis
measured momentum distributions.

In the lower part of Fig. 5 the rati®, _ betweenRa(mm =) andRa(717Z ") is reported for
several nuclei (see figure caption for details).

While the Ra rates appear to be rather strongly dependent upon nuclear strusagrdaf
example the change in strength when going fbrinto “Li or from 1°C to 13C) theR._ behaviour
is much less dependent on A: if thg,, p— T 27 reaction occurs inside a nucleus tien. >1,
ranging from 1.8 orfHeto 1.3 on’Beto 1.2 on*®0. A major change is seen on the contrary if the
same process occurs on a free proton where the ratio is less tifan £#q.42 onH [[L3]). Such a
behaviour is probably to be related to the sub-threshold modification & fhinteraction inside
nuclear matter and is therefore be an interesting testing grouritiNaheoretical models.

The mean value oR, _ is 1.3£0.1, which is in accordance with the prediction of Re}.[14]
for nuclear skin densities in the range 0.0 to 0.35 of nuclear saturatioiitylehise observed flat
behaviour ofR, _, consistently with the missing mass behaviour, is an indication of the fact that
theK~ absorption preferentially takes place at the nuclear surface on the liglti examined.
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Figure 3: Measured momentum distributions of prompt pions from &g, Tt ZT)A reactions. The open
(hatched) histograms refer to positive (negative) pions while the bgrely)Y arrows point to the[Bs () = 0] threshold.
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measured distributions. The Monte-Carlo generated distributions ofegietdd by full dots while with open diagrams
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Figure5: Top: Ra for m = (circles) andr™ =~ (stars) as a function &%, whereRa is given in units of [102/K;0p].
Filled sysmbols are from FINUDA. ThBa values are followed by the statistical and systematic uncertairfjgg. is
expressed in units of [%]. The emission rateéide and1C are taken from Refsml] anﬂlZ], respectively. Bottom:
The ratioR, _=Ra (772 *)/Ra(1T* X~ is shown. Black squares are from FINUDAHe is from ref. [L]],12C from
1.4, H and2H from [3))
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