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OBSERVATION OF U(3100) IN BIS-2 EXPERIMENTS
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A meson resonance U(3100) with negative stran—
geness, produced in neutron-nucleus interactions
at a mean neutron momentum of -~ 40 GeV/c, has been
observed in experiments performed by means of the
BIS-2 spectrometer at the Serpukhov accelerator.
Carbon, aluminium and copper were used as nuclear
targets. Altogether -~180 decays of four different
states of this resonance into A°+p +n-n? and
K9 +p+p +r" have been registered. The isotopi-
cal spin of the resonanse is equal to 3/2. The re-
sonance production cross section in the region
X > 0.2 times the branching ratio of its decay via
each observed mode is from 1 to 20 ub per cardon
nucleus. The A-dependence of the resonance produc-
tion cross section is described by the power law
A%ith a = 0.6+0.3,

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

Ha6mogenme U(3100) s akcnepumenTax GUC-2
A.H.AneeB u np.

B skcnepuMeHTax, NpoOBeJeHHBIX C MOMOWbI CHEKTPO-
merpa BUC~2, Ha cepnyxoBCKOM yCKOpHTesle HabrmoaeH
MEe3O0HHbI PEe3OHaHC C OTPHUATEbHOI CTPAaHHOCTBIO
U(3100), o6pa3soBaHHbil B HeHTPOH-ANLEDPHHIX B3auUMOZEHCT~
BHAX IIPH CpenHeM HMIIyjibCce HedTpoHoB -~ 40 I'sB/c.

B xauecTBe ANEePHHIX MUmMEHeH HMCNOJb30BANMChL YIrIepon,
amoMHHHUH H Menb. Bcero sepeructpupoBaHo okono 180
pacnafoBs 4eThpeX 3apAfOBbIX COCTOAHHH 3TOro pe-~
soHauca Ha A°+p +n-w> mua KJ+p +p +at.
H30TONHYECKHHA CIHH pesoHaHca paseH 3/2. Ipo-
H3BedeHHe CeueHUMs] pOXAeHHA pe3oHaHca B ob6iiacTH
X > 0,2 Ha BeposATHOCTHL ero pacnajga 1no KaxaoMy H3
Hab/modeHHbX KaHaJIoB cocTasiseT oT | mo 20 Mk6 Ha
AApPO yriiepoda. A~3aBUCHMMOCTD CeUYEHHSA DOXIeHHS pe—
30H3HCA ONMHCHIBAETCs CTeneHHoH (YHKLHed A% ¢ nokasa-
TesieM e¢= 0,6+0,3,

Pa6oTa BminomHena =B JlabopaTOpHH BLICOKHX 3HEepTHii
OUAH.

This study was initiated by the results on the obs?r-
vation of a narrow state U(3100) in the experiment ’!
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at the CERN SPS. Our investigation is based on the data
obtained in the experiments devoted to the study of char-
med particles 2/ and narrow baryon resonances 8 perfor—
med by means of .the BIS-2 spectrometer in a neutral beam
of the Serpukhov accelerator. The neutral beam is mainly
composed of neutrons with a mean momentum of =~ 40 GeV/c.

A scheme of the BIS-2 spectrometer is shown in fig.l.Se-
condary charged perticles produced in neutron interactions
with carbon,aluminium and copper targets (T) were detec-
ted by the spectrometer.During the experiment the targets
were alternated after each ~5-10* registered neutron—-nuc-
leus interactions.Two mu1t1ce11 gas threshold Cherenkov
counters (Cl1/4/ and c2 /% ) were used for the identificati-
on of charged particles. To trlgger the spectrometer, at
least four charged partlcles passing through it were requi-
red.Altogether 1.2. 107 neutron-nucleus interactions were
accepted during the experiment. A more detailed des-
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Fig.1. A schematic view of the JINR BIS-2 spectro-
meter in the 4H channel of the Serpukhov accelera-
tor. n — neutron beam, A - anticoincidence scintil—
lation counter, Ti - hard target, T2 - liquid hyd-
rogen target; COM1 and COM2 - hodoscopes of the
scintillation counters of target surroundzngs
PCl1:14] - two-coordinate proportional wire cham-
bers, C1 and C2 - multichannel threshold gas Cheren-
kov counters, C3 - hodoscope of the full absorption
Cherenkov counters, MO - telescope of the scintil-
lation counters for neutron beam monitoring. M -
SP404 analysing magnet.
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cription of the BIS-2 spectrometer and experimental
running conditions is presented in /6/, :

To search for the U(3100), the invariant mass spectra
were analysed for the events containing A°,p and charged
pions as well as K3,p,p and charged pions. The A° and K°
were identified among the reconstructed neutral Vee's
through their decay into pr~ and #*# ~. The mass resoluti-
ons are equal to 4.5 and 6.0 MeV/c® FWHM for A° and K?,
respectively., For the A° selection the M(pr~) was required
to deviate from the A° mass by no more than 7 MeV/c®, and
for the K% selection the M(n+n") was required to deviate
from the K mass by no more than 10 MeV/c > Altogether
~8.5:10* events with A° and ~4.5-10* events with K$ have
been selected. For p identification the signals from Cl
and C2 were analysed. This allowed the 77K~ rate to be
reduced by a factor of more than three among the p candi-
dates. .

The invariant mass spectra for the configurations cor-
responding to the possible decays:

Ut - A°Bﬂ+n+, U° — A°Eﬂ+ , {1,2)
U° — Aoiﬂ+ﬂ+7f -, U™ — A°6”+77 -, (3’4)
and

U — A°pm (5)

were analysed among the events containing A°. The bin was
chosen to be equal to 20 MeV/c? which approximately cor-
responds to the experimental mass resolution for the con-
figurations under study. The excesses of events in three
bins at ~3060 MeV/c® over the background level were ob-
served in all the spectra analysed. A statistical signifi-
cance of the observed excesses was determined as a result
of the spectra approximation by smooth background curves.
For the configurations (1-5) they were more than two, five,
four, four and three standard deviations over the backgro-
und curves, respectively. The summarized spectrum, obtai-
ned for all (1-5) invariant mass configurations, is pre-
sented in fig.2. The peak in a mass region of 3030 -

- 3090 MeV/c? contains about 130 events over the background
level ( ~270 events). This corresponds to a statistical
significance of more than eight standard deviations. The
mass scale calibration may have a systematical error of no
greater than 40 MeV/c2 The invariant mass distributions
calculated on the assumption that p is a kaon or a pion
have been analysed for the events from the peak region

in each of the considered mass spectra. At each of such
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' T ' T ‘ Fig.2. Invariant mass spect-
rum for the events contai-
ning A°,F and charged pioms.
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Fig.3. Invariant mass spect—
rum of the AN°p n* system (up-
per histogram and left scale
of events) and AN°pn~ system
(lower histogram and right
scale of events).
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assumptions the analysed events form a broad mass spect-
rum without any peaks. Consequently, the observed pcaks

in the invariant mass spectra of systems(1-5) are not the
kinematical reflections of other resonances caused by p
misidentification. In the same way the validity of charged
pion identification was proved for the events forming the
peaks.

About 130 decays of the U(3100) via the modes (1-5)
have been observed. The main part ( ~75 events) is due to
the decays via the mode (2). The corresponding invariant
mass spectrum is presented in fig.3 (upper histogram).

The invariant mass spectrum illustrating the registration
of the decay (5) of the double charged U™ state is shown
in the same figure (lower histogram).

A more detailed analysis of the observed U(3100) state
was performed for the registered decays (2).The invariant
mass spectrum of the pn* subsystem was reconstructed for
these events (fig.4). This spectrum is a result of sub~
traction of the corresponding spectra obtained for the
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20 T T T T Fig.4. Invariant mass spect-—
rum for the Pnt subsystem
produced in the U°» A°pnt
decays.

events from the peak region
and from the peak neighbou—
ring 1ntervals As is seen
from the M(p" ) distributi-
on presented in fig.4,
+4uh a greater part of events is
grouped in a mass region of
1700-1800 MeV/c2. The shape
of the distribution in this
region corresponds in mean
A { \ mass and w%%;h to the A(1700)
300 500 100 1800 Pparameters’’’. In an analogo-
us M(Pr»*) spectrum, obtai-
M(P%*), MeV/c* ned for the events from the
intervals abjacent to the pe-
ak,such a grouping of events
is not observed.Thus,the ob-
tained data are identicative of the two-body decay:

U° - A° A(1700). (6)

It has been found that about half the decays (2) accepted
are caused by cascade decays through the intermediate reso-—
nance state (6).

The invariant mass spectra of the A°pﬂ+ system were
analysed separately for the events detected in the runs
with carbon, aluminium and copper targets. This allowed
the measurement of the A-dependence of the U(3100) produc-
tion cross section. This dependence in the frame of the
A% parametrization (A is the atomic weight of the target
nucleus) is characterized by a power value:

a =06 *03. (7

N/20 MeV/ct
5
T
i
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The invariant mass spectrum of the K°© ppﬂ system was
reconstructed (fig.5) among the events contalnlng Kg. The
mass resolution for such a system is close to the resolutl—
on of configurations (1-5). A narrow peak is seen in the
"U" mass region as in the above spectra. An excess of 50
events over the background level ( ~170 events) is seen
in a mass region of 3030-3090 MeV/c2, The presence of such
a peak shows evidence for the observation of the registe-—
red decays:

Ut - ﬁop6”+ (8)
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Fig.5. The KSpn* Tnvariant mass spectrum.

and/or
Ut -K°pn*. - (9)

In conclusion we summarize the results obtained.

1. About 180 events of the narrow resonance with nega-
tive strangeness decaying into a baryon, an antibaryon and
mesons are registered.The mean mass of the resonance is
(3068+5+£40) MeV/c?2, and its width does not exceed
20 MeV/c?®. The characteristics of the observed resonance
correfyond to the U(3100) state observed in the experi-
ment’ *’. Thus, we have identified the resonance observed
with the U(3100) state.

2. In comparison with the U(3100) decays observed in
the experiment !/, the new decay modes

U°s A°pz*, U° - A°A(1700), U™~ -A%ns~, U' =K°ppr*

and, possibly, the decay of the strangeness conjugated
state UTSK%pnst are detected.

3. The isotopic spin of the resonance is determined
to be 3/2. This conclusion is supported by the registra-
tion of the decay U™~ - A°pn~
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4, The A-dependence of the cross section of resonance
production in neutron-nucleus interactions has been measu-
red. It is characterized by an exponent

a = 06 % 0.3.

5. From the longitudal momentum distribution of resonan-
ce events it follows that they are registered in the regi-
on x > 0.2, where x is the Feynman variable. Their produc-
tion cross section in this region times the branching ra-
tio of each observed mode is 0B = 1:20 pb per carbon nuc-
leus. Such uncertainty of the quoted value is due to the
lack of information concerning the resonance production
and decay mechanisms. The obtained 0B values are close
to those measured in /1/, In the experiment /! the U(3100)
were produced by 135 GeV/c 2™ on a beryllium target, and
because of the S-quark presence in the composition of a
primary hadron the ¢-B value should be greater than in the
case of resonance production in a neutron beam. The presen-
ted comparison leads to an energetic dependence of the re-
sonance production cross section which decreases with
increasing energy.

6. The main properties of the resonance observed are
inconsistent with its interpretation as a quark-antiquark
state. The totality of the U(3100) states observed should
be described under the assumption of their composition of
at least four valence quarks.
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