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Here we report the result of a search for inclusive 
duction by -58 GeV neutrons on carbon at the Serpukhov 
rator using the spectrometer BIS-2 11 1. We have observed 
following decay modes: 

+ -Ac -> K0p7T+7T-, 

' A c pro-
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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. I) 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 (H) changed 
the transverse momentum of charged particles by 0.64 GeV/c. To 
t::rigger t::he speccromet::er, iour or more cil<ngeu par Licie:o 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. t1ain 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.).]06 , 1.7·10 6 , and 4.4·106 events were recorded at each 
of the configurations, respectively. These events corresponded 
to the integral neutron flux Mn:;: 6·1011 through the target. 

We searched for inclusive A~ production in the process 

n+c-A: + 
LA 0 (K0 )h+h+h-

.. ~.. -- ' .:: ,'t: 
'~-:_:..:...- -·. 

(3) 
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Fig. I. A scheme of the BIS-2 set up: M- magnet; PC
two-coordinate multiwire proportional chambers; A -
scintillation anticoincidence counter; T - carbon tar
get; HI - scintillation hodoscope; Mn - 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 em downstream the centre of the target. Figure 3 
illustrates the "Vee" invariant mass spectra for Ks and 1\ o. 
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 /\~ (dashed curve). 

pion system M(IT+IT-) with +10 HeV/c 2 from M(K~) = 497.67 MeV/c2 

with K'S, and the "Vee" hav1ng the invariant mass of a system 
of a proton and negative pion M(p"-) with ~7 MeV/c2 from M(/\ 0 ) 

= 1115.6 MeV/c2 with A0
• 

\ole have selected events containing at least one Kgh+h+h- or 
1\ob+h+h- conbination. The M(K~p"+"-) invariant mass distribu
tion for K'gh+h+b- 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 HeV/c 2 ) was chosen equal to -2 times the experimen
tal resolution. Figure 4b (solid line distribution) presents 
the invariant mass M(!\ 0 "+"+"-) distribution for A0 b+b+b- com
binations. The width of the bins (= 30 MeV/c2 ) 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 /\: . 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/c2. If the observed baryon is a hyperon resonance, 
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Fig.3. "Vees" invariant mass spectra illustrating K'S 
and A 0 detection at the part of the statistics. (a) is 
the M(rr+rr-) spectrum in a mass region around M(K~) 
= 497.67 HeV/c-'; (b) is the M(_prr-) spectrum in a mass 
region around M(A0

) = 1115.6 HeV/c 2• 

in the neutron beam fragmentation region one could observe,with 
a higher probability,the isotopically c0njugated negative state 
(as,for example,the production of the ~ (1385)

141 ).But no signi
ficant peaks are seen in the invariant mass distributions for 
Kgprr_rr_ and A0 rr+rr-rr- systems selected similarly to K~prr+rr- and 
A0 rr+rr+rr- (the crossline distributions in fig.4). So, we are 
led to identify the observed peaks with the Cabibbo favoured 
charmed baryon A~ decays (I) and (2). The latter decay mode 
has been detected elsewhere/51 . 

The partial cross section is given by a3 = NA/(NA TMnBo£), 
where N is the number of A~ decays observed; A is the atomic 
number of the carbon nucleus; NA is the Avogadro number; T 
is the target length; Mn is the neutron flux; Bo is the decay 
ratio of K0 (A 0

) observed; B is the decay ratio of A~ obser
ved; f is the detection efficiency of A~ obtained by the Honte
Carlo simulation taking into account all experimental and data 
processing conditions. The A~ decays (I) 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 
K0 prr+rr- (solid line) and Kgprr_rr_ (cross-line) syste~s; 
(g) for A0 rr+rr+rr- (solid line) and Aorr+rr-rr- (cross-ll_ne) 
systems. The dotted lines show the result of the poly
nomial fit to these distributions. 

5 



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

We have obtained the partial cross section of A~ production 
for Xr> 0.5 times the branching ratios of the decay (I) s 1 

a(XF > 0.5)81 = (6.2±1.3)flb per carbon nucleus 

and of the decay (2)B2 

a(XF > 0.5)82 = (2.0±0.6)flb per carbon nucleus. 

To estimate the partial cross section 1n the complete region 
(Xr> 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: 

Ed3 a/d~p3 ( P ) (X ) - exp -b· J. . f F , (4) 

where f(~.) is the X~, distribution function and b=2.5(GeV/cf 1 13
/ 

The latter value is also in accordance with the experiment'6 •2 ' 
f(Xr) has the same shape as for inclusive pro~l!ction of A0 hy
perons by 69 GeV protons in pp interactions·''. This should 
be expected from the quark model for hadron fragmentation 18

' and 
has been also confirmed by an ISR experiment 191 

The B model: the system R is produced by diffraction disso
ciation of neutrons on quasifree nucleons in the carbon nucleus 

d · h · · · E 3 -. 3 1M2 accor 1ng to t e 1nvar1ant cross sect1on d a/dp -1 .exp(-jl.t), 
where MH is the invariant mass of the R system, f3 = 6\GeV /c)-2. 
The R system decays into A~. D- with Gottfried-Jackson angle 
distributions as calculated in' 10 ' 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 
r(X) . '11-13 1 • F calculated 1n . If us1ng the B model we assume a flat 
distribution of the Gottfried-Jackson angles, the value of a•B 
is close to the same value in the A model. 

The invariant production cross section for Xr > 0. 5 is desc
ribed by 

3 -> 3 (0.9 ± 0.5) 
Eda/dp -(1-XF) .exp[-(2.5±0.6).~]. 

6 

In conclusion we summarize the results obtained. We have 
found -190 At baryons. Their average mass is (2266+4) HeV/c2 

Our mass value is in good agreement with the values obtained 
in other experiments 114/. 

The ratio of the branching ratios B1(1{0 prr+rr-)/Bz(A 0 17+77+17-) 
1S 3, 1+1,0, 

The partial cross sections a• B for A~ production by -58 GeV 
neutrons on carbon for Xr > 0. 5 and calculated for Xr > 0 within 
the framework of the models A and B are presented in the table. 
The possible systematic errors of a·B are mainly due to the 
error of the momentum spectrum measurements. We estimate that 
this error does not exceed 35Z. We could not obtain values 
of a·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 B2 (A0 rr+77 +77-) 

3. I% 1141 (90% confidence level), we estimate the inclusive 
production cross section a> (70+20) flb per carbon nucleus for 
Xy>O • -

Table 

• • A+ Part1al cross sect1ons of ~~c production times branching 
ratios a·B (per carbon nucleus) 

a.R .. uh!'Pr ""rhnn n11<'1Pnc: 

Xr>0.5 
XF > 0 

Decay ! 1 model A model B 

- + -K0 prr 17 6. 2+ I. 3 18.3+3.7 6. 7+1 .4 - - -
A0 rr+l7+17- 2.0+0.6 6,0+2.0 2.2+0.7 - - -
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I.F.Kolpakov, and E.I.Maltsev for their support of these stu
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cipation in the experiment. 
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AneeB A.H. H gp. El-83-417 
lby'leHHe A; , poJK,!J;eHHbiX B nC B3aHMogelicTBH.!IX npH -58 f3B 

Ha6nwgaeTC.!I poJK,!J;eHHe O'lapoBaHHoro 6apHoHa A+ B npo~ecce + c 
0 + C -> J\;':+ ••• 3KCnepHMeHT BbJnOnHeH B HeHTpOHHOM ny'lKe CepnyxoB-
CKOrO YCKOPHTen.H c noMo~biD cneKTPOMeTpa BHC-2. B pacnpegeneHH
.!IX no 3¢xlleKTHBHbiM MaccaM CHCTeM Kstm+"- H Ao"+"+"- OKano 3Ha
'leHH.!I Macchi 2270 M3B/c2 Ha6nwgaiDTC.H Y3KHe nHKH 10 H 5 cTaH
gapTHbiX OTKnOHeHHii OT YPOBH.!I tPOHa COOTBeTCTBeHHO, HalJ:geHO 'ITO 

+ 2 ' Macca M(Ac) = 2266~4 M3B/c. ITpoH3BegeHH.!I ce'leHH.!I poJK,!J;eHH.!I 
Ha Bepo.HTHOCTb pacnaga no Ha6nwgeHHbiM KaHanaM, onpegeneHHbie 
gn.H XF> 0,5, paBHbi /6,2~1,3/ H /2,0~0,6/ M6 Ha .Hgpo yrnepoga 
COOTBeTCTBeHHO, a HX OTHomeHHe paBHO 3,1+1,0, HHBapHaHTHOe 

+ -ce"l!eHHe poJKgeHH.!I A c onHCbiBae TC.!I Bbipa.JKeHHeM: 

ct2a (0.9±0.5) 
E -(1-XF) exp[(-2.5t0.6)P ] , 

p.L dp.L dpll - .L 

P a6oTa BbmonHeHa B Jia6opa TopHH BbiCOKHX 3HeprHll: OIDIH. 
,..,_ --- _ -··-- ---- .... ··-------- ..... ~ n .. .:: ..... 1aQ, 

lliJt::lliJYIMI VVDC:~YIM~MMVIV nn'-'tnl~to n'"'~tJrtU.A ,.,.._.....,,, .... M.._,g._.,,,., .. ,. MJ""'''._. ._, _ _, 

Aleev A.N. et al. El-83-417 
A Study of the A~ Produced in n C Interactions at -58 GeV 

The production of the charm baryon A~ has been observed 
~n the reaction n + C -+A:+ ... The experiment has been performed 
in a neutron beam of the Serpukhov accelerator, using the 
spectrometer BIS-2. The effective mass distributions of the 

(Ksp"+"-) and (Ao"+"+"-) systems show a narrow peak of -10 
and -5 standard deviations above the background level, respec
tively, at an average mass value M(A:)= 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) ~b per carbon nucleus, respectively, and their ratio 
is 3-;-1~1.0. The invariant production cross section for X F > 0,5 
is described by: 

d 30" (0.9 ± 0.5) 
E--(1- Xr) · exp[-(2.5±0.6)P ] , 

d->3 .L 

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