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1 Introduction

A study of hyperon inclusive production can be a critical test of the models
describing quark interaction processes and hadron formation. The exist-
ing experimental data on hyperon productions by nucleons were obtained
mainly in proton beams [1-19]. There are only few measurements per-
formed in the neutron beams [20, 21]. The existing data do not allow to
prove that hyperon production mechanisms in these reactions are equiva-
lent. Thus new results about hyperon production by nucleons and a com-
parison of hyperon production in neutron and proton beams can provide
an additional information for a model of such production.

This paper presents the results on the hyperon inclusive production
obtained in the EXCHARM experiment, performed in the neutron beam
at the Serpukhov accelerator.

Hyperons were identified by their essential decays:

A? = pr, (1)

$(1385)* — A7t
Ly =, (2)

$(1385)" — Al
L pr, (8)

" — A%~
Ly pr )
2(1530)° - =gt
Ly AO7 (5)
L pr.

2 Experiment EXCHARM

The EXCHARM setup (fig.1) is placed in the neutron beam (channel 5N)
of the Serpukhov accelerator. Beam neutrons are produced on the internal
beryllium target by 70 GeV primary protons at zero-angle to the proton
orbit. A lead filter up to 20 cm thick suppresses 7 contamination in the
beam. Accelerator magnets and a special sweeping magnet SP-129 reject
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Fig.1. Spectrometer EXCHARM

charged particles from the beam. The neutron energy [22] ranges from 20
GeV to 70 GeV and the mean energy of the beam is ~ 51 GeV (fig.2).
Neutrons are interacting with the target (T) located in front of the
spectrometer. The spectrometer analysing dipole magnet SP-40A is used
to measure charged particle momenta. The spectrometer is described in
the right-handed coordinate system with OZ axis directed along the beam
axis, OY directed vertically and with the origin coinciding with the center
of the magnet. Charged particles are detected by 11 proportional cham-
bers (25 coordinate planes) with 2 mm wire spacing. 8 chambers upstream
the magnet (PC 1-8) have two sensitive planes. Two of them have a wire
orientation +22.5° with respect to the vertical plane, others - horizontal
and vertical wire orientation. 3 chambers downstream of the magnet (PC
A-C) have three sensitive planes each. The wire orientation of three planes
are horizontal, vertical and —22.5° with respect to the vertical plane. Ho-
doscopes of two scitillator counter planes (H1 and H2) and three planes of
proportional chambers PC3, PC8 and PCB are included in the trigger sys-
tem. A more detailed description of the apparatus can be found elsewhere

[23].



A carbon target with thickness Ly=1.5¢cm has been used during data
taking. The analysing magnet caused a transverse momentum kick of ~
0.45 GeV/c. The trigger was aimed at selecting events with at least four
charged particles passing through the spectrometer. During the run the
polarity of the magnetic field has been alternated, then the total statistics
was divided approximately into two equal parts with different polarity of
the magnetic field.
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Fig.2. Neutron energy spectrum Fig.3. CDA of selected track pairs

The presented results are based on the analysis of ~1.72x108 recorded
events of nC interactions.

3 Event selection

The experimental events have been processed by BISON program [24] to
reconstruct tracks of charged particles and to define the parameters of these
tracks, momenta and charges of corresponding particles. To select the
events with different topology and to perform the physical and statistical
analysis, the program BISMXC [25] was used.

3.1 AY identification

Selected events - candidates to (1)—(5) should contain at least a A°. The
decays of A® (1) should have a pair of positive and negative particles. A



closest distance of approach (CDA) between tracks of these particles (fig.3)

was required to be:
CDA < 0.2¢m, (6)

which corresponds to two experimental resolutions on this parameter. The
point, the root-mean-square distance from which to the both tracks was
minimal at the closest approach, was considered as a decay vertex. To
reduce the background caused by interactions in the target, it was required
that Z coordinate of the decay vertex (Z,) should satisfy the following
criterion (fig.4):

1
Zp — (ZT + §LT) > 10cm, (7)

where Zp=-460 cm is the coordinate of the target center, Thus, more than
4.5 million pairs were selected.
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The pr~ effective mass spectrum for the selected pairs of tracks is shown
in fig.5. A clear signal of A® decay (1) is seen in this spectrum. The
background is mainly caused by combinations of the reconstructed charged
particles produced in the target (= 53%) and (= 43%) in the air. The
background caused by K? — 77~ decays with a positive pion wrongly
identified as proton is about 4%. To define the parameters of the signal, the
spectrum was approximated by a sum of the Gaussian function describing
the signal and a linear function describing the background. The selected
pair of tracks was identified as a candidate to A° decay, if the corresponding



effective mass M (pn~) was within +30, (where oy ~ 1.56MeV/c? is the
experimental resolution) of the A” nominal mass (Myo):

|M(pr~) — Myo| < 4.5MeV/c2. (8)

The corresponding interval is marked by vertical arrows in fig.5. More than
3 million candidates to A® decay (1) have been selected under the criteria
(6)—(8) for the following analysis. The real number of A — pr~ decays
has been defined taking into account the linear background.

3.2 X(1385)* resonance selection

The candidates to the decays (2) and (3) should contain a reconstructed
candidate to A and at least one additional track. The CDA between the
AP reconstructed trajectory and the additional track which should satisfy
the criterion (6), defined a resonance decay vertex. Z coordinate of this
vertex should be in the target region, i.e.:
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The corresponding interval has been marked by arrows in fig.6. 2 cm is
two experimental resolutions on Z. More than.1 million candidates to the
decay (2) and slightly less candidates to the decay (3) have been selected.
The A%+ and A%r~ effective mass spectra for the selected combinations
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are shown in fig’s 7 and 8, respectively. Wide signals in these spectra corre-
spond to the decays (2) and (3). These signals have been approximated by
the Breit-Wigner function (BW) folded with the normal distribution(G):

BWG(M) = A [ G(M — m)BW (m)dm, (10)
where
61 = m) = cap(~ ), (1)
mM()F

BW(m) =

(m? — M)2 + MgT? (12)

A is an amplitude, o) is a mass resolution, My is a mass of resonance, I’
— its width. Backgrounds have been approximated by the function:

BG(m) = Pi(m — Mth)Pzem‘p(—Pgm - P4m2), (13)

where P; - Py are free parameters, My, - a sum of masses of decay products.
The numbers of detected resonances were defined by integration of obtained
functions approximating the signals on the full effective mass spectra. The
background was caused mainly by combinatorics.

3.3 =~ selection

Selected events for the decay (4) should contain a candidate to A° and
at least one additional track of the negative particle. The CDA between
reconstructed A° trajectory and this track should satisfy the criterion (6),

forming a =~ decay vertex. Z coordinate of the Z~ decay vertex (Zz)
should satisfy the following criterion:

1
= — (ZT + ET) > bem. (14)
To distinguish the A® and Z~ decay vertices, the distance between them
should be greater than 5 cm:
Z\ — Z= > bem. (15)

As a result around 150 thousand of such combinations have been selected.
The A7~ effective mass spectrum of the selected combinations is shown
in fig.9. :

A clear signal of =~ decay (4) is seen in this spectrum. The spectrum was
approximated by a sum of the Gaussian function, describing the signal, and
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the linear function, describing the background. The combination was iden-
tified as the 2~ decay, if the M (A%7~) was within +30y (o4 ~ 2.0MeV/c?
is the corresponding mass resolution) of the = nominal mass:

|M(A°7™) — M=-| < 6.0MeV, (16)

The corresponding interval is marked by vertical arrows in fig.9. Around
37000 candidates to the decay (4) satisfying the criteria (14)-(16) were
selected and used for the following analysis. The number of 2= — A%~
decays was defined by subtraction of the background combinations from
the selected combinations.

3.4 =(1530)° resonance selection

Selected events for the decay (5) should contain a candidate to £~ and at
least one additional track of the positive charged particle. The trajectory
of =~ and additional track should satisfy the criterion (6) and Z coordinate
should be in the target region, i.e. should satisfy the criterion (9). About
10000 candidates to the decay (5) have been selected. The effective mass
spectrum for the selected events is shown in fig.10.

A clear signal of the decay (5) is seen in this spectrum. To define the
parameters of the signal, the obtained effective mass spectrum was ap-
proximated by a sum of the function (10), describing the signal, and a
smooth function (13), describing the background. The number of Z(1530)°
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Table 1. Characteristics of hyperon signals.
Decay Mass[MeV/c?] oy [MeV/c®]] T [MeV/c?] The number of
AY — pr— 111590 +£0.01  1.55+0.01 - 2426800 £ 1900
£(1385)* — A%+t 1380.940.3 3.2 35.1+0.9 69300 + 1900
$(1385)" — A%~ 1384.540.2 34 40.0+0.9 97500 + 2100
BT — A7~ 1321.8 £ 04 1.97+0.1 - 21370 4+ 190
2(1530)° —» E-7t  1533.34+0.6 3.7 10.0 £ 1.7 1123 £+ 89

was defined by integration of the function, approximating the signal, on
the full effective mass spectrum.

The characteristics of the reconstructed A°, $(1385)+, ¥(1385)~, =~
and Z(1530)° signals are shown in tab.1.
The corresponding mass resolutions o;’s for resonances have been obtained
by Monte Carlo simulation. The measured masses of hyperons are near
the corresponding nominal masses [26] and their widths coincide with the
nominal ones within the errors.

4 Hyperon production characteristics

Monte Carlo (MC) technique was applied to calculate the efficiencies of
registration and define the hyperon production characteristics.
The following reactions were simulated:



n+N - A+ K+ X,
n+ N —2(1385)" + K'+ 77 + X,
n+ N — 2(1385)” + Kt + X,
n+N—-Z2 +K"+K'+ X,
n+ N — Z(1530)° + K° + K + X.

Here K%, K* and 7~ are the so called “minimum accompanying particles”,
which compensate strangeness and charges of the studied states; X is a set
of particles generated by JETSET [27] in accordance with the conservation
laws.

The parametrisation following the quark counting rules [28] has been
used to describe the hyperon production models:

dc E* d*o

o~ ———— ~ (1 = |zp|)e P 17
dp3 p* d.’L‘de% ( IxFl) e ) ( )

where zp is the Feynman variable, p; - transverse momentum, E* and
p* - energy and momentum of the particle in the center mass system for
the reaction of nN interaction. To obtain n parameter, zr was varied
within the kinematic region: 0.2 < zp < 1 for A? and 0.1 < zp < 1 for
other hyperons. The same parametrisation was applied to simulate each
accompanying particle but in the whole kinematic region —1 < zp < 1.
Since the value of zr in every experimental event is not known, then to
provide the same conditions of the analysis of the experimental and MC
data, the cut on p; has been used, which corresponds to the appropriate
region of 2. As an example, the corresponding cuts on =z and p; for A? are
shown in fig.11. GEANT based program [29] was used to trace the particles
through the experimental setup. The simulated data were treated by the
same reconstruction and analysis programs, which were used to process the
experimental data.

To obtain n and b parameters, the normalized p; and p? spectra of
the reconstructed hyperons were approximated by the corresponding MC
spectra. The x? criterion was used to estimate the quality of this approxi-
mation. The chosen n and b parameters for the studied events correspond
to the best approximation of the p; and p? spectra. As an example the
normalized p; and p? spectra for A° at minimal x?’s are shown in figs.12
and 13, correspondingly.
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The obtained values of the parameters n and b and the corresponding
minimal x*’s are shown in tab.2. Errors of the parameters were calculated
according to the method of multi parameter errors calculating [30]. For
example, four free parameters define A? production in the used model: n
and b describing of A° and n and b describing of the accompanying particle
(K9). In this case an error of n was defined as a variation of n if the full
x? of two normalized p; spectra — experimental and MC was changed on
8x?=4.88. The value of §x? depends on the number of free parameters and
was defined by the following consideration: the probability for the selected
parameter to be within its error, was equal to 70 %. Correlations between
n and b were not taken into account.

Table 2. Production parameters of hyperons.

State n X5, /nch b Xf,g/ nch
A° 2.14+0.1 1.04 2.440.1 1.21
(1385)* 2.74+0.1 0.64 1.840.1 0.56
¥(1385)~ 1.3+0.1 1.03 1.9+0.1 0.89
=" 4.040.1 0.53 2.04+0.1 0.43
Z(1530)° 3.240.2 0.38 2.14+0.2 0.77

The parameters n measured for ¥* and Z(1530)° are compatible with the
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Table 3. Number of hyperon decays and efficiencies of the their detection.

Decay n[GeV/c] Number of €t - 107

AV — pr > 18 1075800 =+ 1400 2.027 £0.021
D(1385)F — A%t > 12 68400 £ 1400 1.641 £ 0.031
2(1385)_ — A7~ > 12 95200 £ 2100 1.629 £+ 0.032
B — A0~ > 12 19390 + 280 1.378 £0.017
5(1530)0 — =7t > 12 1096 + 84 0.610 +0.014

predictions of the quark counting model (n=1 for £(1385)~ and n=3 for
¥(1385)* and =(1530)°) [28], but the parameters n obtained for A° and
E~ are higher than the predicted ones (n=1 for A° and n=3 for =7).

5 Cross-section measurement

The inclusive production cross-sections of the hyperons were calculated by
the following formula:

_ Ng- A,

"~ M,-N,-S-¢-BR’

where BR - the decay branching ratio of the considered state; N, - the
number of combinations in the signal; A, - the target nucleus atomic weight;
M,, - the number of neutrons having passed through the target (M, =
(2.31 £ 0.13) - 10'); N, - Avogadro constant; S = 1.3g/cm? - the target
thickness; € - the efficiency of the decay detection.

N, were defined as the values of signals in the effective mass spectra of
corresponding hyperon decays, obtained at the corresponding criteria on
p1- The obtained values of N, and € are shown in tab.3.

The calculated cross-sections of the hyperon inclusive production on
carbon nucleus (o,¢) are presented in tab.4.

Systematic errors include an error of M, errors of registration efficien-
cies and errors, defined by the errors of the model parameters. The last
error was calculated as a quadratic sum of o,,¢ variations at different values
of the parameters n and b within their errors. Possible correlation effects
are not taken into account.

The total cross-sections have been calculated using the following as-
sumptions:

OnC
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Table 4. Cross sections of the hyperon production.

State Tp onc|ub]

AY > 0.2 5511 + T(stat) £  460(syst)
(1385)* > 0.1 492+  10(stat) £  31(syst)
%(1385)" >0.1 690 <+ 15(stat) +  65(syst)
E- > 0.1 146 &+ 2(stat) =+ 9(syst)
2(1530)° > 0.1 28 4+ 2(stat) =+ 4(syst)

e The zp dependence of A° differential cross-section in the region 0 <
zr < 0.2 are the same that in the work [31].

e The zr dependences of the differential cross-sections for other hy-
perons under consideration in the region of 0 < zp < 0.1 are the
extrapolations to this region of the measured dependences.

e The 2y dependences of the differential cross-sections are symmetrical
relative to zp = 0.

To calculate the cross-sections on nucleon (o,y), the following depen-
dence: on,c = o,y - A%3 was assumed. The obtained cross-sections are
shown in tab.5. The shown errors were calculated as quadratic sums of the
corresponding statistical and systematic errors.

Table 5. Total cross-sections of the hyperon production.

State ono|ub] Onn|ub]

A° 17400 £+ 1500 3330+ 280
¥(1385)* 1453  + 96 277 &+ 18
¥(1385)~ 1770 &+ 170 337 &+ 33
B- 496 &+ 31 9%5 £ 6
=(1530)° 87 % 14 17+ 3

To compare the obtained results with the data of proton experiments,
the measured cross-sections were recalculated taking into account the fol-
lowing relations based on the additive quark model:

app(AO) ~ apN(AO) ~ anN(AO),

12
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op(S(1385)) % Soun(S(1385)7) — Soun(2(1385)),

N|wW N w

o ((1385)7) ~ S0 (S(1385)") — Soun(5(1385)),

~—

opp(E7) ~ opv(E7) ~ onn(E7),
which leads to:

opp(A%) = (3330 + 280) ub,
opp(2(1385)1) = (367 £ 50) b,
opp(2(1385)7) = (247 £ 33) b,
opp(E7) = (95 £ 6) ub.
The calculated values and data of other experiments are shown in figs.14—

17. One can see that the cross-sections of A°, 3(1385)~, £(1385)* and =~
produced in neutron and proton beams are very close.

6 Summary

The total cross-sections of the inclusive production of hyperons in neutron-
carbon interactions at the mean neutron energy ~ 51GeV have been mea-
sured (tab.5). The measured cross-sections of A° and =~ production in-
clude the ones of A° and =~ produced due to decays of resonances and
cascade decays. The calculated oy, for A®, $(1385)*, $(1385)~ and =~
coincide with the measured ones in the proton experiments.

The widths of resonances $(1385)", 3(1385)~ and Z(1530)° have been
measured (tab.1).

Parameters n and b of the used parametrisation (17) have been defined
(tab.2).

Authors are greatly indebted to A.N.Sissakian and N.E.Tyurin for their
permanent support of this investigations, to C.Cheshkov — for valuable
discussion.
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Anees A.H. u np. I1-2001-98
HHK103uBHOE POXAEHHE TUIIEPOHOB B 7C-B3aUMOAEHCTBHAX

H3mepeHbl ceyeHUs MHKITIO3UBHOTO POXAEHHS T'HIIEPOHOB A%, 2~ u runepon-
HBIX pe3oHaHcoB X (1385)%, £(1530)° B HEHTPOH-YINIEPOAHBIX B3aUMOAECHCTBHUAX

IpU cpenHell sHepruu HeHTpoHOB ~ 51 I'sB. OmpeneneHsl sKcnepUMEHTaNbHbIE
3HaYeHHs MapaMeTPOB MCIOIb30BAaHHOH NapameTpu3alnuu AudbepeHIManIbsHoro

2

n -p . .
ceYeHHs (1 -—‘xF|) e 7', rme xp — nepemennas MeiiHMaHa, p, — MONEPEUHBIil
umrysisc. IIpoBeneHo cpaBHEHHUE MONMYYEHHbBIX Pe3y/IbTaTOB C MPEACKa3aHUIMU MO-
Jeny KBapKOBOTO CYETa U pe3ylibTaTaMU APYTUX 3KCHEPHMEHTOB.

Pa6ora BeimonHeHa B JlaGoparopun ¢usuku yactuy OMSIM npu nmognepxke
Poccuiickoro ¢onaa pyHIaMeHTanbHbIX HccneqoBaHuid, mpoekt Ne 00-07-90148.
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Aleev A.N. et al. D1-2001-98
Inclusive Production of Hyperons in nC Interactions

Inclusive production cross-sections of hyperons A’, =~ and hyperon reso-
nances = (1385)*, £(1530)° have been measured in neutron—carbon interactions

at ~ 51 GeV mean energy of neutrons. The experimental parameter values of used
. . . o n —bp? .
differential cross-section parametrization (1 —}xp|) e 7!, where xp is Feynman

variable, p, is transverse momentum, have been defined. The obtained results have
been compared with the predictions of quark counting rules and existing experi-
mental data.

The investigation has been performed at the Laboratory of Particle Physics,

JINR, and supported by the Russian Foundation for Basic Research, Project
No. 00-07-90148.
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