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PHOTOPRODUCTION AT FNAL
(Presented by A. Wattenberg)

B. Knapp, W. Lee, P. Leung, S.D. Smith, A. Wijangco,
Columbia Univ.*, J. Knauer, D. Yount, Univ. of Hawaiit,
D. Nease, Cornell Univ.*, J. Bronstein, R. Coleman, L.
Cormell., G. Gladding, M. Gormley, R. Messner, T. O'Halloran,
J. Sarracino, A. Wattenberg, D. Wheeler, Univ. of.Illinoist,

M. Binkley, R. Orr, J. Peoples, L. Read, FNALt.

At the present time the baryon-antibaryon events we
have identified are A, A.  When we originally proposed this

experiment three years ago, we were interested in the possi-
bility of the photoproduction of baryon-antibaryon pairs but
we were discouraged from including it in the first things we
would do for two reasons: 1) a rather elaborate Cherenkov
detector would have been required to identify protons and
anti-protons, and 2) there was (and still is) a great deal
of uncertainty in making estimates of the rates that could
be expected in such an experiment. I will discuss the diffi-
culties in trying to make estimates before I discuss the
measurements we have made.

Suppose that one wished to compare the photoproduction

of baryon-antibaryon pairs of strange and nonstrange types:

Y+Z+P P+X

Y+z·  A A+x
The cross-section for the production of pairs of non-

hadronic charged particles is given by the Bethe-Heitler
diagram and cross-section:                         ·-

M="<= t , i: a, til'  me ,
M+ m£(   Mg

'f      a 2 10-28   e   cm21Mfl-r
Fig. 1.  Cross-section and one of Feynman Diagrams for

Bethe-Heitler mechanism.

If one uses  the mass  of the proton  for M£, the cross-
section is the order of 10 cm-.  There is a further re--34   2

duction of this cross-section due to hadronic form factors.
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Therefore naively one expects that if the photon exchange is

replaced by the exchange of a hadron, one might obtain an
Appreciably higher cross-section:

--<Fz:ly
a % a (Nuclear Amplitude)2

F    G= ?

5--'.6-- X
Fig. 2.  Pair Production of Hadrons by Drell Mechanism

This mechanism was discussed by Drell (Proceedings of the
International Symposium on Electron and Photon Interactions
at High Energies - Hamburg 1965).  He felt that the cross-
sections. could be reduced  by   as   much   as a factor  o f   200.
This is the type of uncertainty that makes it difficult for

experimentalists who are considering proposals.
The Drell mechanism is operating to some extent in the

case of the photoproduction of pion pairs, but it is not
the dominant process.  Pair production of pions is dominated

by the p° vector meson, and there is reasonable quantitative
agreement with the vector dominance model. In the vector
dominance model the photon has a probability for becoming a
vector meson,· the vector meson undergoes a hadronic scatter-
ing followed by the subsequent decay of the vector meson.
This photoprbduction model should be applicable at very
high energies for any JP = 1- hadronic state.

--1_/
41 ,/ -p-F-\,
47;                                  -Fig. 3.  Vector Dominance Model Production of pp.

If there are vector mesons with a reasonable branching ratio
(> 10-3) to baryon-antibaryon pairs, the photoproduction of
pairs through such resonances should be larger than the

Drell mechanism for photon energies above 50 GeV; therefore
an appreciable photoproduction of baryon-antibaryon pairs
is intimately tied to the existence of JP = 1- resonances.

The vector dominance model gives that the differential

cross-section for photoproduction is proportional to the
square of the total cross-section for that vector meson on a
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nucleon.  The other assumptions involved are the optical
theorem and that the nuclear amplitude is predominantly
imaginary.

fila 1 (a  21-(Yp + vp  =167TI       21    [atotal (VP) 1 (1)Ldt t=0 IY 1
\ V /

2The constant (a/y ) is obtained from the partial width
of the vector meson tovdecay into an electron positron pair
(rvyee/Mv) 0 . In a later section of this talk, I will be
making use of the above relationship in the form of the
ratio of. the (forward) photoproduction of the 4 to the known
(forward) photoproduction of the p meson.  From our measure-
ment of .the forward photoproduction cross-section  of 'the 4,
the ratio allows one to determine the total cross-section
for 9 on a nucleon because all the other quantities on the
right hand side are known from other measurements.

Fdo   11-(YP + WP)    (r    /M ) [C ( P)]2Ldt      11»ee 4 total

Fda             -                                         (2)
1-(YP  + -pp)             (r           /M   ) [d (PP)]Idt P+ee p total
L )0  2

In the remainder of the talk, I will cover briefly the
following topics: 1) the beam and spectrum, 2) the detecting
apparatus, 3) the results on Y+B e+X+ 4(VU), 4) some raw
data on hadron production.

1)  Beam and Spectrum.  The neutral beam is created by
protons hitting a 30 cm. beryllium target, the remaining                          protons ahd 6ther charged particles leaving that region are
swept by a magnet into a beam dump. It is important to notethat the beam contains all sorts of neutral particles.
There are photon, neutrons, anti-neutrons, and K£ mesons.
In order to increase the number of photons relative to the
other particles, we use 100 ft. of liquid deuterium to at-
tenuate the neutrons and ° mesons. This is schematicallyKLshown in Fig. 4.  The liquid deuterium system is inside
sweeping magnets.  Downstream of the D2' there is addi-tional steel in order to reduce further the muons that are
present.

I-I
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0

Fig. 4.  Cryostats Situated in 9.0 KG Magnetic Field

Fig. 5 shows the photon spectrum. Experiments have been run
with both 300 GeV protons on target and 380 GeV protons on
target.

2)  Detecting Apparatus. The detecting apparatus which is
about 400 ft. downstream from the proton target is shown
in Fig. 6.  The apparatus consists of a magnetic spectro-
meter using five multiwire proportional chambers (total
length of over 50 ft.) and then a series of particle identi-
fiers. First, there   are two moveable arrays of electromag-
netic shower detectors which are 22 radiation lengths thick;
they consist of alternate layers of scintillator and lead
sheets   - 1/4" thick. The arrays contain a total of 46
counters, the resolution is approximately 0.4/(E)1/2, where
E is in GeV.  Following the shower detectors is a hadron
calorimeter consisting  of 24 sheets of steel, 1-3/4" thick
with 3/8" thick scintillator sandwiched in between them.
There was a 6"x6" hole through the hadron calorimeter to al-
low the neutral beam to pass through and be absorbed in a
quantameter.  The quantameter, which was precisely cali-
brated at SLAC, measures the total energy in the beam and
serves as the monitor of the photon beam. Downstream of the
quantameter is a muon identifier, consisting of 4' of steel
followed by a horizontal array of counters and then 2 addi-
tional  feet  o f steel, followed  by  a  set of vertical counters,
the  steel. and counter array  are  90"  high  and  88"  wide.     In
addition to the particle identifiers there are counters for
triggering ahd for determining whether additional particles
were emitted from the target and/or were outside the fiducial
volume of the multiwire proportional chambers. Simultaneous
data can be taken in eight different channels; for example
one channel could be 2 jl, another 2e, another pe, another

charged hadrons, another vee particles, etc., and we can also
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demand that the particles by symmetric or asymmetric rela-
tive to the beam line.

3)     4 (+Ily)   photoproduction.     For the process.Y+Be  +  U+U-+x
we obtain the mass spectrum for the two muons shown in Fig. 7.
One sees the narrow resonance at approximately.3.1 GeV/c2
that was discovered this fall by both Brookhaven and SPEAR
groups.  '(J. J. Aubert et al., Phys. Rev. Lett· 33, 1404(1974) ,
J.-E..Augustin -et al.,  Phys.  Rev.  Lett.  33,  1406  (1974) ) .   If
one plots these events as a function of t, one sees the type
of results we obtain (Fig. 8).  There are a total of 85
events plotted   in   Fig. 8. (Please note that the scale on the
left is a relative number of eyents.) In the region below
t = 0.5, one sees a rapid fall-off associated with the size
of the beryllium nucleus, at t > 0.1 there is a slower fall-
off associated with the incoherent production on single
nucleons.' If one analyzes the data corrected for acceptance
and assuming it fits an expression of the form:

F 2 (dc) at +  A Mal eBt t.  < + < 0.5
E   Cdt)          e (dvt min -  -t

min min

one finds

40(GeV)-2 <a< 65(GeV)-2

0.5(GeV)-2 <B< 3.5(GeV)-2

40  nb  < Maj nb                     ·
2   (dt)               2

< 63
(GeV) 't (dev)min

If one uses this value and the other measured quantities in

(2),   one   gets   that   atot    (4n)   0 1.0 millibarns   for the total
cross-section of a 9 particle on a nucleon.  This cross-
section is many orders of magnitude above what one would
expect if the   particle had been the weak intermediate
vector boson.

I wish to bring to the attention of those who have been
considering a model in which these new narrow resonances are
possibly baryon-antibaryon bound states, that this cross-
section is an additional piece of information which the
baryon-antibaryon models should take into account.  In
models where the wave function leads to the Q(or Q) spending
an appreciable fraction of their time separated by 0.6
fermi, one might expect that the cross-section would be

l
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that of.a nucleon-nucleon cross-section, which is appreciablygreater than the one millibarn we have obtained.  I would
like to ask if there is any reason in the baryon-antibaryonmodels f6r the cross-sections to be varying inversely as the
mass squared or the mass cubed of the resonant state as in
the charmed quark model of Carlson and Freund (Phys. Letters
39B, 349 (1972)).

4)  Raw data on hadron production.  In regard to the hadron
data I will be discussing raw data which has not been cor-
rected for.acceptances and energy cuts.  If one looks at thetwo pion data, one immediately sees that it is dominated byp-meson pr6duction.  If one looks at the four pion mass plot,
one sees a very pronounced peaking at about 1.5 GeV.  Ob-viously we wish to perform a more careful analysis, includ-
ing acceptances, before we say that the four pion production
is dominated by the p'.

We have also observed A, A events.  We have about ten
such events from part of our running. If one asks what isthe mass of the AX pair, one gets the distribution shown in
Fig. 9.

4'
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Fig. 9. Mass Distribution of AA for the 10 Events
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One or two other tracks are present in over half of these

events.  I again remind you that our beam is not a pure
photon beam; we have a fraction of a percent of neutrons and
K£ mesons. in the photon beam, and it is possible that some
of the above events may have been produced by other par-
ticles in the beam.  We have taken background'runs, and we
hope to be able to determine the necessary background sub-
traction.

There are many other events containing anti-A's; we

have not yet analyzed what particles are accompanying them,
but in:line with Sam Devon's talk of last night, we suspect
that they are accompanied by anti-anti-baryons.

*
Research supported by the National Science Foundation.

.t

Research supported by the U. S. ERDA.
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Figure Captions

Fig. 5.  :The photon spectra produced at 0 milliradians

by 300 and 380 GeV protons on a 30 cm Be target.
There is a slight uncertainty in the proton
normalization for the 380 GeV data.

Fig. 6.  Schematic layout of detecting system for photon
experiments.  P stands f6r multiwire propor-
tional chamber.

Fig. 7. Mass spectra of U W  pairs.
+-

daFig.  8.  · - for 111(3.1)  + Ull.    The 111 events which were  ac-dt

companied by the production of one or more addi-,
tional particles have been removed.
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