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ABSTRACT
A very narrow resonance with a mass ofA3.105 Gev/c2 is
observed in the reaction ¢ + Be - u+ + o+ X The total
cross section for this process, as well as its t distribution,

is given.



Recently, a very narrow resonance with a mass of 3.105
2 . .. 1 + -
GeV/c” was observed in nucleon-nucleon collisions™ and e e

’

collisions. Soon thereafter, a second narrow resonance
with a mass of 3.695 Gev/c2 4 and an enhancement at 4.15
GeV/c2 > were observed in e+e-~ collisions. We report in this
letter the preliminary results of a search for these states

. : + -
in the reaction v + Be - p . + X. The experiment is being

carried out in the broad band photon bsam at the Fermi

b

National Accelerator Labcratory.

The photons are obtained from a 0 mr neufral'baaﬁ'which
is produced by the interactions of 300 GeV proteons in a 30.5
cm Be target. The ¢4 to n ratio is improved by a factor of
rouchly two hundred above the 7 to n ratio at production by
passing the beam through 34 meters of liquid D,. The D, is
contained in two small diameter cryostats. The upstream
cryostat is 11.8 meters long and the downstream cryostat is
22.2 meters long. The neutral beam is collimated at the upstream
end of the 11.8 meter cryostat, between the 11.8 meter cryostdt;l
and the 22.2 meter cryostat, and finally, downstream of the
22.2 meter cryostat. Each cryostat is placed betweeﬁ the
pole pieces of a set of magnets which provide an average field
of 6 kG.

The photén spectra at the experimental target is shown
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in Fig. 1. Typically, the proton intensity is bestween 2 x 10
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and 6 x 1077 protons per puls
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so that the kbeam envelope is 5.0 cr wide and 5. m high



the photon target. Eighty percent of the data presented
were taken with a 7.6 cm long Be target, while the remainder
was taken with a 15.2 cm long Be target.

The detector, which is shown in Fig. 2, consists of a
multiwire proportional chambar wagnetic spectrometer and a
particle icdentifier. The spectrometer magnet M2, which has
a field integral of 20 kG meters, bands charged particles
vertically. The magnet aperture, which is 61 cm high and
40.6 cm wide, Geterninad the a;ceptance of the spectrometer.
Each multiwire proportional chamber contains fhreé planes with
the following wire orientation: The X wires are vertical, ths
U and V wires are at +11.3° and -11.3° from the horizontal.
The wire spacing is 2 mr in all planes, with the exception
of the X planz in P4, which has & 2 mm gpacing.

The particle identifier consists of an electron (and
photon) calorimeter, a hadron calorimeter, and a muon identifier.
The electron calorimeter is mwade up of an upstream and downstregm
shower counter hodoscope. Each hodoscope is split into two
identical halves which are separated horizontally from each
other by 10 cm, in order to allow the beam and the copiously
prodﬁced e+e_ pairs to pass throtgh. Bach upstream hodosccos
counter contains six layers of lead and plastic, and each
counter of the downstream hodoscopz contains sixteen lavers
of lead and plastic. A layer is corposz=2d of a 4.8 mm thick
plastic scintillator and a 6.3 muw thick Pb sheet.

The hadron caslorimaeter consicsts of twenty-four 4£.45% ¢



A 15 com sguare hole allows the beam to pass through the
calorimeter. The muon identifier consists of a steel shield
which is 120 cm thick, a 22 element horizontal scintillation
counter hodoscope, a second steel shield which 1is 60 cm thick,
and an 18 element vertical scintillation counter hodoscope.

The photon besam intensity is monitored continuously by
a 26 radiation length Wilson quantameter.6 At regular intervals,
the photon spectrum is deterrined by measuring the total
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rmorentur of e e pairs produced in a 0.04 radiation langth
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lead target. The target is inserted in the photon beam during
the calibration runs, in front of a horizontally bending dipole
magnet M1 which opens the e+e~ pairs so that their momentum
can be measured in the multiwire proportional chambsr spectro-
meter. The electrons are identified by their pulse heights
in the electron calorimeter.

Events which have two or more tracks and which satisfy
any of the following reguirements are recorded on magnetic
tape: two or more muons in the muon ideﬁtifier, two or more
electrons in the electron calorimeter, one electron and one
muon and, finally, any event which deposits more than a
preset armount of energy in the hadron calorimeter. While
the track reconstruction of all types of events has been
performed, only the analvsis of the dimuon data will be
presented. For each event, all possihle tracks are reconsitructed

from the multiwire proportional chamber hits. Events which

have between two and five tracks are retainsd for further
analvsis. FEach track is exirepolated kack o each plane ci



muon counters, and a circle with a radius 2.5 timres the

expected deviation due to multiple scattering is computed.

e
n

Any muon counter with a2 hit which overlaps this circle
considered to bz correlated with the track. A "muon" track
is reguired to have correlated hits in both muon counter
planes. From the previous sample, the subsaﬁple of all
events with two muon tracks is extracted.

The two muons are extrapolated back to the target t
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determine if the pair came from a single point within
target. The distance of closést aporoach, the shortest line
segment connecting the two tracks in front of the magnet, is
required to be less than 2.5 mm. The vertex of the event.is
defined to be the midpoint of this lina segment. It must be
located within 20 cm of the target along the beam direction.
The momentum of each track is ccmputed gssuming that the
magnetic field is uniform. The momentum resolution in the
limit of a uniform field is calculated to be sp/p = 10.02
[p (in GeV/c)/100). The following kXinematic variables are
calculated from the momenta of the tracks: Mﬁu' the invariant
mass of the diruon pair; P, the total momentum of the dimuon,
and-t, the sguare of the four momentum transfer to the
dimuon pair.
The raw mass spectrum for all zvents with momenta crzater
than 80 GeV/c is shown in Fig. 3a. The two principal fsz:ures
of this data, which can bz seen rezllly, are a preponderzrnce

of events at low mass, characteristic of muon pair produciion



by the Bethe-Heitler mechanism, and a peak at 3.1 GeV/cz.
It should be pointed out that this sawple was not restricted
to two track events. The peak at 3.1 GeV/c2 contains 60
events;8 the width is consistent with our experimental
resolution. We associate the 3.1 GeV/c2 peak with the
<4 -

narrow resonance which was seen in e e annihilations and
nucleon-nucleon collisions. Hereafter, only the events in
the mass interval 2.8 < My, < 3.4 GeV/c2 will be discusced.

Since the beam is not a pure prcion b2am, 1t is
important to determine what fracticn of these events are
produced by hadrons. In a companion experiment, we have
eliminated the photons in the beam with a lead absorber and
searched for the production of the 3.1 GeV/c resonance induced
by neutrons. In that experiment, we not only observed the
production of the 3.1 GeV/c resonance by neﬁtrons but also
measured the production cross section using the sare apparatus.
Our measured cross section in the nevtron experiment, and the
known ratio of photons to neutrons in the beam allows us to
determine the number of events in this experiment induced
by neutrons. We expect that fewér than 3 events in this
experiment originated from neutrons In the bsam.

The t distribution of the resc:anée events 1s shown in
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Fig. 3b. Five events with extra tr=z

]
KaN
@

same interaction are in this sample o events. There are
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12 events with -t greater than 0.7. The average value of -t
g 3

: 2 - . -
for these evaents is 1.6 (GeV/c)®, while largsst value of ~t



is 5.9 GeV/cZ. The t distribution for a sample of one
thousand events in the 7+T— final state with a mass of the

p meson has also been studied. The p data can be fitted
very well with the sum of two exponentials, oné with a slope
of ~ 40 (GeV/c)—Z, which is characteristic of the coherent
scattering from the Be nucleus, and the other with a slope

of ~ 10 (GeV/c)—z, which is characteristic of scattering from
single nucleons in Be. One can also see these same features

) e s 2
the 3.1 G2V/c“ resonance. The

Fh

in the t distribution o
curve shown in Fig. 3b is the calculated t distribution,
corrected for acceptance and resolution, assuming dc/dt
(y + Be - 3.1) is proportional to % e40t + A ebt where
A 1is an atomic numker of Be nucleus. We have macde no attempt
to fit for b, but we find that the value of 4 (Gev/c)_2 is
guite consistent with our data. We conclude, therefore, that
~the 3.1 GeV/c2 resonance is photoproduced diffractively on
the Bz nucleus. The simplest explanation for this behavior
is that the 3.1 Gev/c2 resonance couples directly to the
photon in the same way as the p, w, and ¢ do. In Fig. 3c, we
show the total momentum distribution of the dimruon.

“We have not atterpted at this time to exclude the events
which do not core from either coherent scattering fror Bs or

quasi-elastic scattering fror a single nucleon. The cross

section is calculated as follows: The total flux of photons
above €0 GeV/c was determined from the total energy measurad
by the quantameter and the photon enerqgy spectrum shown in

4



Fig. 1. A correction of 1.2 was made for electronics deadtire.
After correcting the geometric acceptance, we obtain
o (y+tBe -~ 3.1+X) = 16 + 5 nb/nucleus .
TR
The quoted error includes both the statistical error and the
uncertainties in the absolute flux and the acceptance calculatior
In order to determine the total cross section for the

2 . . .
3.1 GeV/c” resonance on nucleons, we first extract from our

Hh
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data the di rential cross section

—g%(n,fw ~ 3.1+p) |
t=0
using the relation:
-0.5 . -0.5 4
[ S2(y+Be - 3.14x)dt = SZ(v+P - 3.1+P) | [ (a2e?0tin2Pat
J at - dt J
0 - =09

By assuming Vector Dominance and the Optical Theorem, byAletting
the forward scattering amplitude be purely imaginary, and Dby
-taking the width of the 3.1 GeV/c2 to be 6 keV and the

branching ratio of the decay to 2 muons overall to be 0.07,

we obtain:g'lO

cT(3.l+nucleon) =~ 1 mb .

Since the magnitude of this cross section is too large
for a weak interaction or an electromagnatic process, we
conclude that the 3.1 Gev/c2 resonance 1is a hadron.

We summarize our conclusions concerning the 3.1 GeV/c
resonance as follows:

1. It is photcproduced diffractively on Be.s

2. It 1s a hadron.
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3. The fraction of events produced with large momentum
transfer 1s surprisingly large.
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Events with more than two tracks are candidates for the

3.7 GeV resonance. However, over 80% of our events have
only twe tracks and is identi
Professor B. Richter has kindly provided us with their
revised values of tﬁe branching ratio.

While these assumptions are reasonable for other processes,

we have no evidence for their validity in this reaction.



Figure Captions

Fig. 1 Photon energy spectrum observed at photon target
with the cryvostat £filled with liéuid D,-

Fig. 2 Layout of detectors in esxperimental enclosure.

Fig. 3a Dimuon invariant mass distribution observed above

1.2 GeV.
3b Observed t distribution fof events in 3.1 GeVv

peak of (a).

D
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3c Opserved laboratory momentum spectrum of these
events (b), shown with the photon energy spectrum

superimposed.
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