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Here we report the result of a search for inclusive A; pro-
duction by ~58 GeV neutrons on carbon at the Serpukhov accele-
rator using the spectrometer BIS-2/1/. We have observed the
following decay modes:

AL ~Koprtn™, ¢
l\+c sA°rtaty (2)

Our result is a first statistically significant direct ob-
servation of charmed particle production in strong interactions
at these low energies. A previous stage of this investigation
has been reported in/2:3/,

The layout of the BIS-2 spectrometer (fig.1) allows the re-—
gistration of secondary particles mainly produced in the high
energy fragmentation region of the neutron beam. The momentum
spectrum of the neutron beam is shown in fig.2. A 7.8 and
6. g/cm2 carbon targets (T) were used. The magnet (M) changed
the transverse momentum of charged particles by 0.64 GeV/ec. To
trigger the spectromerer, four or more charged particies were
required to pass the whole spectrometer. The spectrometer ope-
rated on-line with an EC-1040 computer.

The results are based on the data obtained at three diffe-
rent configurations of the spectrometer. Main differences were
the polarity of the magnetic field in the magnet, positions of
the target, and some geometrical parameters of the proportio-
nal chambers (PC). All the changes of the experimental condi-
tions allowed us to estimate possible systematic errors.
5.3-100, 1.7.10%, and 4.4.10% events were recorded at each
of the configurations, respectively. These events corresponded
to the integral neutron flux M, =6-10!! through the target.

We searched for inclusive At production in the process

n+ C—sr At + e 3)
LAe®o)h*n*h~

This process possesses the topology with a A°(Kg) '"Vee'", having
its vertex outside the target, and with three charged particles
(h*, h* and b)) emitted directly from it. The "Vee" vertex was

required to have the closest approach less than 1 cm and to lie

iy et

AT e anensy i 1
R  rappoBaRDt |

H




N
[om]
T
T 1T
SRS
o

ATATATATATATATATA

\‘f\[

SESSSAEESE

ATATATATATATATAY

SESNESENSNS

A

[ ———————
[
L —
FRSEENS
N\

Fig.l. A scheme of the BIS-2 set up: M - magnet; PC -
two-coordinate multiwire proportional chambers; A -
scintillation anticoincidence counter; T - carbon tar-
get; Hl - scintillation hodoscope; M, - neutron beam
monitor; H2 and H3 - ¢ detector hodoscopes; HCC -
lead glass walls. No information from H2, H3 and HCC
have been used in data analysis presented.

more than 15 cm downstream the centre of the target. Figure 3
illustrates the "Vee" invariant mass spectra for Kg and A°.
We identified the 'Vee', having the invariant mass of a two-
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Fig.2. Neutron beam momentum spectrum (solid curve)
+
and neutron momentum acceptance for A_. (dashed curve).

pion system M(#*r~) with +10 MeV/c? from M(KS) = 497.67 MeV/c?
with K%, and the "Vee" having the invariant mass of a system
of a proton and negative pion M(pr~) with +7 MeV/c? from M(A°)
= 1115.6 MeV/c? with A°. B

We have selected events containing at least one K3hth*h~ or
A°h*h*h”™  conbination. The M(K:pn+ﬂ-) invariant mass distribu-
tion for K%h+h+h' combinations, assuming that the largest mo-
mentum of the positive particles belongs to the proton, is pre-
sented in fig.4a (solid line distribution). The width of the
bins (= 20 MeV/c?) was chosen equal to ~2 times the experimen-
tal resolution. Figure 4b (solid line distribution) presents
the invariant mass M(A°:*»'7~) distribution for A°h*h*h™ com-
binations. The width of the bins (= 30 MeV/c?) is ~4 times the
experimental resolution for this invariant mass. Explicit peaks
are seen in both distributions in the mass region of the charmed
baryon A% . To estimate the number of events in the peaks a po-
lynomial background, was fitted to these distributions (dotted
distributions in fig.4). 130+18 and 57+14 events above the back-
ground correspond to ~10 and -5 standard deviations. We consi-
der these peaks as a baryon state with the width less than
30 MeV/c?. If the observed baryon is a hyperon resonance,
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Fig.3. "Vees" invariant mass spectra illustrating K%
and A° detection at the part of the statistics. (a) is
the M(z*r~) spectrum in a mass region around M(K%)

= 497.67 MeV/c“; (b) is the M(p#~) spectrum in a mass
region around M(A°) = 1115.6 MeV/c?.

in the neutron beam fragmentation region one could observe,with
a higher probability,the isotopically conjugated negative state
(as,for example,the production of the 1385)"*/ ).But no signi-
ficant peaks are seen in the invariant mass distributions for
Kspn™n~ and ANorta=n™ systems selected similarly to K%pnﬁf'and
A°statp~  (the crossline distributions in fig.4). So, we are
led to identify the observed peaks with the Cabibbo favoured
charmed baryon At decays (1) and (2). The latter decay mode
has been detected elsewhere’5’.

The partial cross section is given by 0B =NA/(NATM_Bge),
where N 1is the number of A% decays observed; A is the atomic
number of the carbon nucleus; N, is the Avogadro number; T )
is the target length; Mn 1is the neutron flux; Bg is the decay
ratio of K°(A°) observed; B is the decay ratio of A% obser- A
ved; € is the detection efficiency of A} obtained by the Monte-
Carlo simulation taking into account all experimental and data
processing conditions. The Al decays (1) and (2) simulated
according to the phase space of four particles., The dashed line
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Fig.4. The invariant mass distributions: (a) for
gprts™  (solid line) and KSpﬁ‘i'(cross-line) systems;
(b) for A°#trtrn~ (solid line) and A°rta=n~ (cross—line)
systems. The dotted lines show the result of the poly-
nomiazl fit to these distributions.



in fig.2 represents the beam momentum acceptance for AL . The
momentum of neutrons having produced A', registered is greater
than ~40 GeV/c (the mean value is about 58 GeV/c). The Aﬁ ob-
served have the following transverse and longitudinal momentum
ranges: P, < 1 GeV/c and Feynman x-variable greater than ~0.5.

We have obtained the partial cross section of A production
for Xg> 0.5 times the branching ratios of the decay (1) B;

o(Xp > 0.5)B1 = (6.2£1.3)ub per carbon nucleus

and of the decay (2)B,

a(XF> 0.5)By = (2.0:0.6)ub per carbon nucleus.

To estimate the partial cross section in the complete region
(Xp>0) we apply a variety of models for A+ production in neut-
ron-nucleon interactions.

The A model imply the invariant inclusive cross section in
the form:

Edlo/dp’ ~ exp(—b°B ). f(X,), (4)

where f(X;) is the Xy distribution function and b—"5((*ev/c)"/3
The latter value is also in accordance with the experlment’Gﬂ/.
f(Xy) has the same shape as for inclusive production of A° hy-
perons by 69 GeV protons in pp interactions ' ‘’. This should
be expected from the quark model for hadron fragmentatlon/a]
has been also confirmed by an ISR experiment

and

The B model: the system R is produced by diffraction disso-
ciation of neutrons on quasifree nucleons 1n the carbon nucleus
according to the invariant cross section Ed® o/dp S_1/ME -exp(-f8.t),
where My is the invariant mass of the R system, 8 = b(GeV/c)-2,
The R system decays into AL D™ with Gottfried-Jackson angle
distributions as calculated in '°’ for the diffraction dissocia-
tion p - A°K*.

Results close to the model B are obtained for A} inclusive
production using the cross section (4) with a distribution for
NXF) calculated in H-137 . If using the B model we assume a flat
distribution of the Gottfried—Jackson angles, the value of ¢:B
is close to the same value in the A model.

The invariant production cross section for X;>0.5 is desc-
ribed by
(0.9 +0.5)

3 53
Ed g/dp ~ (1 - X0

. exp[-(2.5+0.6). 14 ]

B — —

In conclusion we summarize the results obtained. We have
found ~190 AT baryons. Their average mass is (2266+4) MeV/c®
Our mass value is in/Food agreement with the values obtained
in other experiments -

The ratio of the branching ratios B;(K°ps*
is 3.1+1.0.

The partial cross sections ¢.B for AL production by ~58 GeV
neutrons on carbon for Xp>0.5 and calculated for X >0 within
the framework of the models A and B are presented in the table.
The possible systematic errors of o-B are mainly due to the
error of the momentum spectrum measurements. We estimate that
this error does not exceed 357. We could not obtain values
of ¢.B lower than the results of the B-model taking into ac-
count all considered models. Using the result of the B-model
and the upper limit for the branching ratio of By(A°7*rt7™)
3.17 14/ (907 confidence level), we estimate the inclusive
production cross section ¢> (70+20) pb per carbon nucleus for
XF> o .

7 )/By (A°rtrt 7T

Table

» + 3 - .
Partial cross sections of A, production times branching
ratios o-B (per carbon nucleus)

g-B.uhner carhan niuclens

Xp> 0
Decay XF>0‘5
model A model B
Koprtn™ 6.2+¢1.3 | 18.3+3.7 6.7+1.4
Aor* 7t~ 2.0+0.6 6.0+2.0 2.2+0.7
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Anees A.H. u gp. E1-83-417
Hayuenue Ac,poxnenumx B hC BsauMogeiicTBHAX npH ~58 T'sB

Ha6nwnaeTca poXeHHe o4YapOoBaHHOro GapHoHa A B mpoliecce
na—C—»Nﬁ.“BxcnepumeHT BLIIOJIHEH B HEHTDOHHOM nyqxe cepnyxoB-—
CKOI'0 YyCKOpHUTEJNIA C IOMOIbLI cneprOMeTpa BUC-2. B pacnpeneneﬂu—
AX 0o 3¢bdeK THBHbLIM MaccaM cHCcTeM Kspv n u A°7tet T okono sma-
YeHHs Macch 2270 MeB/c HabmopawTcsa yskde nuku 10 u 5 cran-
OapTHLIX OTKHOHEHHH OT ypOBHsA $OHA COOTBETCTBEHHo. Haiimeno, uro
mMacca M(AL) = 2266+4 MeB/c2. llpousBedeHHss CeUEHHS PONKIEHHA
Ha BEPOATHOCTH pacrnaja mno HabIofeHHHIM KaHajaM, olpefelieHHbe
ons Xgp> 0,5, pasme /6, 2+1,3/ u /2,0+0,6/ M6 Ha sgpo yriaepopa
COOTBEeTCTBEHHO, a MX OTHOWEHHE paBHO 3 1+1,0. UuBapuaurthoe
ceueHue pOXTEHHSA A OTIHCHIBAGTCSH BhpAXEHHEM:

d2q (0.910.5)
E ~(1“XF) exp[(—2.5.+,0.6)f1 1.
P dpldp
PaboTa BhINOJIHEHA B JlabopaTopHu BBICOKHX eﬂepruu OI/IﬂPIn
Npenprn) SO pegnnennui O nRlLTnTy Ta nAcprei nocncacasin:. nySnc 1982

Aleev A.N. et al.
A Study of the A%

El1-83-417
Produced in nC Interactions at ~58 GeV

The production of the charm baryon A has been observed
in the reaction na—C«»A +...The experlment has been performed
in a neutron beam of the Serpukhov accelerator, using the
spectrometer BIS-2. The effective mass distributions of the

(Kspn 77) and (A°»*7*7”) systems show a narrow peak of ~I10
and ~5 standard deviations above the background 1eve1, respec-—
tively, at an average mass value M(AQ)= 2266+4 MeV/c2, The cross
sections times the branching ratios measured for X> 0.5, for
each A", decay channel, are equal to (6.2+1.3) and
(2.0+0.6) pb per carbon nucleus, respectively, and their ratio
is 3.1+1.0. The invariant productlon cross section for X, >0.5
is described by:

a3 {0.9 £0.5)

E————~(1 -Xp) - exp[-(2.5106)P | .

The investigation has been performed at the Laboratory
of High Energies, JINR.
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