obtained in coincidence with the accompanying charged pions and 7° mesons.
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ABSTRACT

The y-spectra induced by stopped K mesons in °Li and "Li targets were

The

Y-line at (1.04 = 0.04) MeV observed with charged pions was identified as a

y-transition in "H, whereas the Y-line at (1.15 * 0.04) MeV observed with 7°
A

mesons was ascribed to a y-transition in

. . . +
excitation energies of the 1 levels of

“He.

A Using these new values for the

RH and RHe_hypernuclei, the phenomeno—

logical AN potential for the s-state interaction was recalculated,

Submitted to Physics Letters

1}
2)

3

CERN, Geneva, Switzerland,

Institut de Physique NuclEaire, Universitd Claude Bernard de Lyon et Institut
National de Physique Nucléaire et de Physique des Particules, France.

Institute of Experimental Physics, University of Warsaw and Institute of
Nuclear Research, Warsaw, Poland.



In the experiment described here the identification and the energy determi-
nation of y-transitions from the excited states of RH and RHe hypernuclei was
carried out. Preliminary results were reported elsewhere [1,2]. In this experi-

ment, which was a continuation of the two previous experiments [3,4], both RH and

KHe y-transitions could be detected and identified at the same time.

. The light hypernuclei were produced using the interaction of K~ mesons [5]
stopped in metallic °Li, "Li, and Be targets. In this paper the main results

obtained with Li targets only will be discussed.

The identification of the RH and RHe Y-rays was possible owing to very fre-

quent {about 50%) two-body mesonic decays of these hypernuclei:

RH > "He + W, 53 MeV

=
1
[}

RHe+“He+1T°, E o = 57 MeV .

The experimental arrangement and counter dimensions are presented in Fig. 1.
The 7° mesons were identified by detection of their decay y-rays. These y-rays
were converted into electron cascades in 2 of 21 double Pb-scintillator sandwich
counters Nj-z;. The total thickness of the Pb absorber was equal to 3 radiation
lengths, giving about 90% probability of the y-conversion. The energy of w0
mesons was obtained from the measurement of the opening angles of the decay y-rays.
The opening angle distribution shows a sharp maximum near its minimum value
(corresponding to the 7° kinetic energy) and for the low-energy T° mesons
(e.g. 57 MeV) about 867 of all decays are within the interval 20° above the mini-
mum value of this opening angle., The opening angles were determined from the
measurement of both the azimuthal and deep angles for each y-ray. The azimuthal
angle was given by the hit counter number, whereas the deep angle was determined
from the place of the electron shower in the counter. The scintillation light
induced by electrons was collected at both ends of the detector, thus allowing,
by means of a time-of-flight (TOF) technique, the determination of the shower

position. The TOF resolution (v 700 ps, FWHM) and the counter dimensions allowed
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the measurement of both the ‘azimuthal and the deep angles with -an accuracy ‘of
£3.5°. ‘With this angular resolution the energy resolution of the 57 MeV 7°

mesons was expected to be about ‘+307 (FWHM) and the detection efficiency was about
4%." For the 53 MeV charged pions detected in the range telescope the resolution

was *10%7 (FWHM) and the efficiency about 3Z.

The y~spectra obtained with the NaI(Tl) counter of 4 in. X 3 in. size are
shown in Fig. 2. In the experimental area the single rate for this crystal was
about 4 x 10%/s, so the energy resolution of the 0.98 MeV ®Li* y-line observed in
the test—-spectrum obtained with K mesons stopped in a Be target was only 127,
The detection efficiency .for the 1 MeV y-line was v 0.27 and the resolving time
of the Ky coincidences was v 4 ns (FWHM). The details of the y-spectrometer and
the charged-pion telescope are not discussed here, since they were described in

Refs. 3 and 4.

-The incidental rate of the_(K_, Y) coincidences did not allow observation of
the y=lines having a production rate lower than 1% per stopped kaon. Therefore,

* meson accompanying the K interaction in the

a coincidence of a charged pion or v©
target was necessary to search for ‘the hypernucglei y-transitions. The continuous
background has largely diminished owing to this triple (X, v, T coincidence and
.the discrete structure of the y-spectra became visible. Furthermore, about
(60-70)% of the background, induced by neutrons and pions in the material in the
vicinity of the target and Nal detector, could be removed by a (K—,.Y).TOF analysis
as it.is usually delayed with respect to the y-rays emitted directly from the
target. .It turned out that most of the nuclear background y-tramsitioms creates
rather broad maximum in the energy ranges (0.8-1.0) MeV and (1.3-1.5) MeV, being

in éatisfactory-agreement with the most intensive y-lines of Al, Si, Na and Pb.
However, the observation of the y-lines in the region of 1.1 MeV was only possible
if restrictive conditions for kaom and pion counters. (e.g. multiplicity 1) were

fulfilled and proper energy ranges of L and 1° mesons were chosen.

h
'In Fig. 2a the added y-spectrum obtained with 4 x 10% K stopped in ®Li and

2.3 x 10%° K stopped in ‘Li, and taken in coincidence with charged pions of energy
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'CES*SS) MeVQ.{s showri. In'this‘Spectrum the Y;line at (1.04 ¢ 0.04) MeV, with a
:Vﬁfédﬁdfidﬁ:rité:of'(0.271 0.05)% (étatistical error) is observed. Since it is the
oﬁij daxitun correlated with the 53 MeV charged pions and its energy differs by 1
standard deviation only from that observed in Ref. 4, we conclude that it belongs
to the RH Yétransitioﬁ. From this y-line intensity one can estimate that the

production rate of RH hypernuclei is about 0.4% per stopped K .

In Fig. 2b the same added y-spectrum is presented, but the 7' mesons of energy
(45~85) MeV were taken in coincidence. The energy resolution of the 7° detector
(2.5 times worse than that of the charged pion telescope) made it necessary to use
a broad enérgy interval around 57 MeV, thus decreasing the peak-to=~background
ratio, In this spectrum the only statistically significant maximum was found at
(1.15 * 0.04) MeV and its production rate is about (0.15 * 0.04)% per stopped K .
:~The fact that this y-line appears for the RHe trigger, and that its energy does not
'~ correspond to the nuclear background lines observed in other spectra, indicates

that ‘it should belong to the RHe y-transition,

"In the tase of the °Li target, the same line is also observed if the y-spectrum
is ‘obtained with the 7" mesons of energy (200-400) MeV (Fig. 2e, Ne- = 4 x 10%),
Such T% mesons cannot be correlated with the production or decay of RHe hyper-

0

‘nucléi. However, the 1arge solid angle (v 30Z) of the 1’ counter enables one to

“detéct the fictitious T decays resulting from the coincidence of uncorrelated

° mesons e.g. from the hypernucleus decay and production,

y-rays ‘from two different 7
uﬁéing a Morite Carlo calcilation it was found that in the actual set~up the proba-
muEiiiEy‘df detééfing‘fictitious (200-400) MeV T° mesons as a result of such coineci-
dence ﬁéjfbé abdﬁtZGZ, if the KHé decay m° mesons are correlated with RHe produc-
tion n° mésons of énergy range (90-150) MeV. This value 6% was obtained on thie
basis that 70% of all KHe hyﬁernuélei are decaying with the emission of a 7° meson,
'and that T° mésons of energy lower than 57 MeV (in the case of many-body RHe
dééaysj.make confffbhtions to the fictitious (200-400) MeV 7° mesons similar to

those made by the 57 MeV ones. With this efficiency one can estimate that the

production rate of the y-line observed in the spectrum in Fig. 2c is equal to
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abqpt‘oflzﬂz This corresponds ;o_about_O.lSZ,DIDduqtion rate of all Rﬂe_cqrrelated
. with the_emission_of_(QO—lSO) MeV ﬂq mggons,_whereas_on‘the basis pglthe in;snsity
;ofvtheiy-line observed in coincidence with SYLMeVVHU mqsons_gne:obtaiqsz§hgiiﬁg
production rate of about 0.3%. This indicates that only a part (say half) of all

RHe,p;oduced would be cortelated_with high-energy (90-150) MeV m° mesons.

Such a strong enhancement of a y-line with the fictitious 7° mesons was not
_obse;yedzfqr_similar investigations made for the Y—spgctra_qb;ained with Ki stopped
in;?LiJo:-?Bg targets. In the case of the 'Li target a broad maximum at
(l.QS‘i 0.04) MeV was found in the spectrum for the accompanying 0 mesons of

energy (100-180) MeV (Fig. 2d, N,. = 2.3 % 10%). This line can be interpreted as

K™

a result of the contributions of both RH and RHe Y-transitions.

-~ Using the new values for the excitation energies of RH and'RHe hypernuclei,
the phendmenological potential p;oposed by Herndon and Tang [6] for the AN s-state
interaction was recalculated, = This proce&ure was déscribed in Ref, 3.  The present
calculations were based on the binding energies of ground states of RH'and RHe

- [B,(GE) = (2.09 % 0.06) MeV, B (jHe) = (2,39 + 0.04) Mev] [7] and on their exci-
tation energies found in this paper. The binding energy of RHe was not included
in tbis‘calculgtiqn,_since the present theoretical approach has not progressed
sufficiently to discuss this hypernucleus. The estimated quanti;ies:a;e: the Ap
elastic scattering length iq singlet and triplet states (ag, az);‘,the Xip valqgs
for. the Ap elastic scattering cross-gection da;a ES] and the binding energy of
“RH.T,The.AN:pquntial is characterized by two parameters (b, rAN)’ where b is the
intrinsic, range and TiN is the hard-core radius. For the calculations the“fol}qw-
ingpqtential types were used: A (1.5 fm, Q), B (1.; fm, 0.30 fm)? C (175 fm,

0.4 .fm), D (1.5 fm, 0.60 fm), E (2.0 fm, 0.45 fm) and F (2.0 fm, 0.60 fm). In
..addition, the calculations were done assuming two values of the_Cpulomb rgpulsiqn
of two protoms in RHe:_ AC(RHe) = 0.25 MeV used in Herndon and Taqgfs analysistand
AC(RHg)-f’O‘QZ MeV as estimated recently in Friar and Gibson_[9]. The obtained
V&ngslpﬁzxip‘anq BA(RH)“fqr difﬁerent AN potentials are shown in Fig. 3. The

open points correspond to AC(RHe)_= 0.25 MeV, whereas the full points are for
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AC(RHe) = 0.02 MeV. One can see that for the high AC value three potentials B, C,
D are equally good, whereas for the low value of AC on1y the potentials C and D
are good, with higher probability for D. In Table 1 the Ap elastic scattering

lengths (ag, az), are given for the potentials € and D.

As a conclusion we note that the AN phenomenological potential can be used
to explain both the Ap elastic scattering cross-—section and the biqding energies
of s-shell hypernuclei, even within one standard deviation limit. The calculated
scattering lengths and the RH binding energy do not depend significantly on the

*He.

accepted Coulomb energy correction of A
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Table 1
Type of C D
AN potential Ty 0.45 fm b=1.5 fm Tag = 0.6 fm b=1.5fm
AL (BHe)
CA 0.02 0.25 0.02 0.25
[MEV] ‘
2
Xpp 12.6 5.8 7.3 8.5
a)
3
B, (3H) [Mev] 0.08 0.09 0.06 0.08
-af [fm] 2.2 2.4 2.3 2.5
-a} [£m] | 1.2 1.3 1.2 1.3

a) The experimental value of BA(ZH

) = (1.13 % 0.05) Mev [7]




Figure captioms

Fig. 1

Fig. 2

Fig. 3

The experimental arrangement.
a) A top view of the kaon range telescope, the charged pion range

telescope, and the T° counter,
b) A side view of the central N,;; 70 decay y-detector.

¢) The position of the Nal detectors with respect to the target as
seen in a plane perpendicular to the drawing and crossing the.Kw

beam axis,

The y-spectra obtained with K stopped in °Li and “Li targets and
taken in coincidence with charged pions and m° mesons.
a) Added y-spectrum for °Li and "Li targets,-NK_ﬂ=-6;5 x 108,

E = (48-58) MeV.
Teh

b) Same as A, but Eﬂo = {45-85) MeV,

c¢) The y-spectrum for a 611 target, NK_

4.2 % 108,

Ewo = (200-400) MeV.
d) The y-spectrum for a 11 target, NK_-2 2.3 x 10%,
Eﬂo = (100-180) MevV.

The Xip and BA(RH) values for different AN phenomenological potentials.
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