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A search for the U(3.1) resonance decaying into Aptrs final states has been performed with negative
results. The cross section upper limits are between 10 and 25 nanobarns. These cross sections are one
or two order ot magnitude lower than expected from previous results. Mail spectra of various final stales
are presented.

1. I N T R O D U C T I O N

A CERN experiment (WA62)1 with a 135 GeV/c

E~ — Be has reported a narrow U(3.1) resonance at

about 3.1 GeV c : that decays into Amir's with charge

states of - I . 0 and -1. Since the final state is a me-

son with isospm of at least 1 and has strangeness of

-1. it cannot be qq. The BIS-2 collaboration3 also re-

ported the observation of the U(3.1) in +2. +1, 0. -1

and -2 charee states produced in neutron-nucleus inter-

actions at a mean beam momentum of about 40 GeV/c.

To produce these five charged slates requires at least

ijqqq. with one strange quark. The CERN experiment

reported cross sections of 1 to 5 nib per Be nucleus

while the BIS-2 experiment cross sections were about

1 nib n<-r !:'!cl«ou. This experiment presents r»«nlts for

the final state of Apw's in -*-2. +1 and 0 charge states.

Preliminary results were reported at the Conference on

Glueballs. Hvbrids and Exotic Hadrbns3.

2. THE EXPERIMENT

This experiment (E771) with a 3 GeV7c p beam took

data in 19S7 using the BNL Multiparticle Spectrometer

(MPS). The reaction of this experiment is

pp — A pit's X

A - PTT-*-

with X. the missing parti.les. having at the least a K.

The apparatus is shown in Figure 1. The trigger ele-

ments were the proportional wire chambers (PWC) PI.

P2 and P3. the scintillator hodoscopes HI and H2. and

the Cherenkov counter Cl. The MPS magnet had an

average field of 0-5 Tesla. Data from the seven drift

chamber modules. (DC 1-7), each with seven detection

planes, were used off line to compute the momentum

of the charged particles. The Target Box (TB) was not

used in this portion of the experiment. Details of the

experiment and trigger using an incident ir~ beam are

described in reference 4.
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FIGURE 1

Brookhaven National Laboratory Multi-particle Spearometer (MPS)

The trigger tor this experiment had two components.

The first part was a multiplicity requirement that two

to five charged particles leave the 60 cm hydrogen tar-

get as determined by the PWC Pi and 4 to 5 charged

particles reach the second PWC P2. This allowed neu-

tral particles, such as A to decay either inside or outside

of the target. The second part of the trigger required

that at least one positive particle have a momentum

greater than 1.5 GeV/c and be more massive than a

pion. This was acomplished jy using the PWC's P2.

P3 and the scintillator hodoscope H2 to determine the

momentum, and the segmented Chereukov counter Cl

in conjunction with hodoscope Hi to veto pions. This

particle identification could not separate a A"+ from a

proton. That was accomplished offline using data from

the Time-of- Flight (TOF) system, which was composed

of a start counter (TO) in the beam »nd the stop ho-

doscope T l . 10 meters downstream of the target. T l

was composed of 32 vertical scintillators. each 15 cm

vide. 1̂ 0 -m lone and 5 rm thick.

During the reconstruction of the events, the pro-

gram searched for neutral decays which were at least

5.0 cm downstream of the interaction point. Figure

2a shows the invariant mass of the V with p and JT+
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FIGURE 2

Mass distributions a) V mass b) Trigger

particle mass from TOF and momentum.



mass assignments. The A peak is clearly seen at the

correct mass. The TOF system measured the veloc-

ity of the fast positive charged particle, while the MPS

measured the momentum. Figure 2b shows the mass

spectrum, calculated from the velocity and momentum

of the fast trigger particle. A cut in the square of the

mass between 0.6 and 1.2 (GeV/'c3)3 selected protons

with almost no background. The other charged parti-

cles associated with the interaction are assumed to be

pions. After the A mass cut and TOF cut were ap-

plied there are 10.640 events. Combining with various

x's. there are 4349 ApT+ events. 8049 \pir~ events and

1758 \prr~T~ events. The Apir+T~ events are a sub-

sample of the other two event types.

.1. THE DATA

The MPS has very good resolution due to the 49

measuring drift chamber planes. Figures 3 shows the

Ax" mass plot, where the £ (1385) is clearly observed.

The accepted values for the width5 of the S (1385)+ is

36 MeV.'c- which is approximately the width observed

in figures 3. This peak verifies the excellent resolution

of the equipment which is crucial in determining cross

section upper limits.
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FIGURE 3'
Two body mass distribution

Due to the trigger of this experiment. Apjr's are de-

lected. In the pp data, we look for the states:

" ~ " — ApT".

V —Apir~. and

('" —Apir^T".

Figure 4 shows the t\p-r~. \pir~ and Ap;r+ T~ mass

distributions. It is clear that the Uf3.1) is not observed

in any of the three charge states, i.e. —!-. -i- and 0. For

the computation of upper limits on the cross sections.
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Invariant mass distributions



the width of rhe U(3.1) and the resolution of this exper-

iment is required. The width (full width at half maxi-

mum ) of i he t'( 3.1) from the CERN data1 is reported to

l>e 24 MeV c- and for the BIS experiment : we estimate

it to be less than 40 MeV/c3. The resolution of this ex-

periment at the U(3.1I mass is about 25 MeV-c2. How-

ever, since the true width of the resonance is unknown,

we will calculate the upper limit usine a conservative

value of a total width of 40 MeV/'c2. The acceptances of

the MPS for the three charged states were calculated us-

ing Monte Carlo program SAGE that generated events

using constant phase space. Each charged particle was

followed through the apparatus. The trigger require-

ments as well as the geometrical limits were applied to

'he Monte Carlo events. In addition various trigger.

detector and software efficiencies were determined.

Table 1 lists the 90°n confidence level upper limits

for the number of events, acceptance and cross section

for each V 13.1) state.

Table 1 Upper limit Cross Sections for F.

Final

F " -
F" — 7

Upper

State

Apx-

- APT*

Limits for Cross Sections

C Events

(90% conf.)

13

i

12

Accept.

4.3 %

3.9 %

5.1 %

; Cross

I Section

! 23 nb

i 12 nb

i 17 nb

4. C O M P A R I S O N W I T H O T H E R

E X P E R I M E N T S

The CERN collaboration1 quotes cross section times

liranching ratio for the f states

<r-BR(l" - Apir*T4-)=(4.S± 1.4 i O.S) fib

T • BRU:° - Apir + T-x- )=(1 .2 -± 0.7 i 0.2)^6

— Apir^T") = ( 3 . 0 ± 1.7= 0.5)/i6

The Serpukhov collaboration at the BIS-2 spectrom-

eter • reports U events in five charged states with ei-

ther Ap or Ap in the final state. The experiment used

a neutron beam with average energy of 40 GeV ami

maximum energy of 70 GeV. The targets were car-

bon, aluminium, and copper. The decay modes ob-

served are: ApT+.ApT~. Apjr+ir~. ApT+TJ\ApTrT".

ApT~T~..\pn-~ and ApT+. The resonance seen in these

channels has a mass of approximately 3060 MeV/c : and

is less than 40 MeV/c : wide. The cross section times

branching ratios for the various U(3.1) charged modes

are reported to be approximately 1 /ib per nucleon.

To compare our cross section limit to those presented

by the CERN experiment, we had to make some adjust-

ments. First, the difference in center of mass energy was

taken into account. The Jiir has mass of 3.1 GeV'/c2

and its cross section has been measured at many dif-

ferent energies ' . Since the Jjie is cc. it should have a

smaller cross section at low CM. values than ordinary

quarks. So using J/v cross section(s) is a very con-

servative estimate for the upper limit calculation. We

have compiled the results of different measurements of

the J. f cross section as a function of energy available

to the final state. The energy available is the center-

nf-mass energy less the mass of the missing particles

necessary to fulfill the conservation laws. In the CERN

experiment, the initial state had a baryon number of

2. The f' certainly is not a baryon so the missing mass

must include two baryons. The baryon with the lowest

mass is the proton. In the CERN experiment, Ecm =

16.00 GeV. thus the available energy is = 14 GeV. In

this experiment, the baryon number is zero in the initial

and final states. However, there must be a strange par-

ticle in the missing mass to balance the antistrangeness

• •f the A. The minimum particle in this case is a K

meson, since Etm = 4.1 GeV. the total available energy

is 3.6 GeV. Extrapolating, the J/w cross section to 3.6

GeV. the suppression factor is 250 compared to the J/ii'

cross section at 14 GeV.



a baryonium. then other similar states with high mass

and narrow widths should be observed as well. None

are observed.

Additional factors need to be taken into account.

The CERN data has a baryon-baryon initial state, while

our data has a baryon-antibaryon initial state. The f"

final state has a baryon-aiuibaryon pair so at least one

pair need be created out of the vaccum. In the CERN

data, there is a strange quark in the initial state while

in this experiment, an ss pair must be created out of

the vacuum. We estimate that the CERN experiment

will be supppressed by a factor of 10. In addition the

range of xt was limited to 0.6 < 1 / < 1:0 in the CERN

experiment. The most conservative estimate that can

be made is that the Xf distribution is flat. Thus, it is

assumed that 2.5 times more events would have been

observed if 0.0 < x j < 1.0 were available. The total

suppression factor is about 10.

The C'ERN cross sections are quoted in pb per beryl-

lium nucleus. For comparison we use the standard

conversion of fib per nucleon = (/ib per nucleus)/.-!2''3

where A is the atomic weight.

The l'+ signal is the strongest in their data. After

making the above corrections, the expected comparison

cross section to our energy is <r(ff'1") = 112 nb. The

upper limit on the {' cross section for this experiment

was calculated to be <rt!' ) = 17 nb.

The BIS experiment also give cross sections. Using

the same type of adjustments similar to those for CERN

experiment, the available energy for 40 GeV neutrons is

only 6.6 GeV. This data does not have a strange parti-

cle in the initial state, so the only renormalizations are

for the energy and the p in the initial state. The com-

parison cross section becomes 10 microbarns. Our cross

section upper limits are about an order of magnitude

lower than those expected from the CERN experiment

and at least two orders of magnitude lower than the

BIS experiment. The L"*3.11 isn't observed in this pp

experiment at 8 GeV/'c. Theoretically, the existence

of the V is a problem. Close1 states that if the U is
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5. C O N C L U S I O N S

In summary, we have searched for the U(3.1) in our

data and have not. observed it. Our 90% confidence

upper limit cross sections are an order of maenitude or

more lower than the expected cross sections from the

extrapolation of other experiments. In this data we do

observe the S (1385) decaying into AT".
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