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ABSTRACT

Measurements on large angle photoproduction
of nxtmesons from hydrogen have been made at the
Stanford Linear Accelerator Center for photon
energies between 5 GeV and 15.5 GeV and u-values
from +,05 (GeV/c)2 to -1.8 (GeV/c)a. The measured
cross section decreased wiﬁh enerzy approximately
as k3 , showing no shrinkage in this range of
u-values. Furthermore the cross section had a
smooth u dependence with no sign of a dip at
u x =-.15 (GeV/c)2 as would be expected from nucleon

++

exchange. = & production was measurcd at 5 GeV

and shows a rapid decrease with increasing lul.
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Preliminary results on the photoproduction from hydrogen

+ .
-mnesons at large angles have previously heen

of single «x
reported(l) in the enersy range of 3 GeV to 10 GeV and at u values
of +.05 (GeV/c)2 to -0.7 (GeV/c)g. These measured cross scctions
showed a relatively simall backward peak near u = 0, a slicht
decrease towards positive u values, and a smooth decrecase towards
more negative u values with no sign of a dip at u = -,15 (GeV/c)2.
The energy dependence was close to k'3. The meneral behavior of
the cross secection was explained by E. A. Paschos(2) assuming the
process to be dominated by u-channel A% exchange. However from a
recent measurcement(3) of n  + P - p~ + P and using the Vector
Dominance todel, Kane(4) showed that | = 3/2 exchange can
contribute at the riost 20% to the total backward n4
photoproduction cross section. The largest contribution to the
cross section must therefore result from trajectories with isospin
| = 1/2, and we would have expected the u dependence of the xt
photoproduction cross section to be similar to the n+P elastic
scattering cross section, e.g. show a sharp dip at

u=x -,15 (GeV/c)a. The lack of such a dip is puzzling. In this
experient we have greatly increased the precision of our previous
data and extended the range in u and s. The new data agrce well
with the old data and clearly demonstrate the lack of a dip at

u T -,15 (GeV/c)z. We have also made measurcnients on the process
y + P N N (1236), which in the u-channel must proceed by

[

3/2 (&) exchange.
Fig. 1 shows the experimental layout. The momentum
analyzed electron beam was run through a variable copper radiator
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typically about .08 radiation lengths thick, placed in front of a
thin walled liquid hydrogen tarzet 15" long and 3.5" in diametef.
The target could be remotely positioned relative to the beam to
achieve optimum running conditions. Two clipping collimators with
diameters of 1.5" and 2" were placed upstream of the radiator to
remove any low energy halo of particles around the main electron
beam.

The x-mesons were analyzed with a 100 in. radius, 90o
vertical bend spectrometer(5). The spectrometer focussed the
horizontal production angles and momenta onto a single focal
plane. It was second-order corrected sa that the focal plane was
normal to the beam of particles. As shown in Fig. 1, vertical
slits were placed between the tarzet and spectrometer to reduce
the backgrounds arising from sources other than the liquid
hydrogen.

The counter system is shown in more detail in the insert
in Fig., 1. Eight 10 X 3/4 X 1/4 in. hodoscope counters ware use-
to split up the focal plane. The trigzer system consisted of five
large scintillation counters and a threshold Lucite Cerenkov
counter. The counter system was rotatahle so that the hodoscope
counters could be oriented along lines of constant missing mass.
There were two variable absorber changers in the counter
telescope. The absorber and the biases of the Cerenkov countar
were variel to minimize the background,

Geoiretric and absorption lusses of the nm=-mesons were
detcerinined experinentally and waere known to abhout 137,
Corrections due to losses from decay in flicht were calculated to

-»
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an cstimated accuracy of £3%., The total charge in the beaé was
determined to 2% or better using two torold monitors as well as a
secondary enission monitor., In addition to the copper ra‘liator,
the effective }adiator in the bean 1lne due to additional material
in the beam line and to electroproduction was both measured and
calculated, The values of the effective radiator obtained fron
these two methods were in reasonable agreement and the total
contribution to the experimental errors from thls source was
estimated to be about 3%. During the course of this experiment,
the momentum calibration of the spectrometer was determined to
better than .1% from the sharp threshold for single x -meson
production, The spectrometer acceptance was known to +3%.

Yield curves were taken by fixing the primary beam enersy
and the anzle of the spectrometer and varyinz the momentum setting
of the spectrometer. Fig. 2 shows such excitation curves for '

and n -mesons for an incident bremsstrahlung beam with an

end=-point energy of 5.5 GeV. The xt curve corresponds to

u -.01 (GeV/c)2 and the = curve corresponds to

+0.04 (GeV/c)e. The horizontal scale of Fig. 2 shows the

u

(missing mass)2 of the unobserved particle X in the reaction

Y + P = nt+ X

assuming the photon energzy to be cqual to the end=-point encrysy.
The upper (ﬂ+) vield curve of Fixz. 2 is characterized hy

a sharp rise at a wmissing mass of 940 eV, corresponding to the

onsct of single pion production. At lower -missing masses direct
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production Is kinematically forbidden and the background yield
must arise from varlous double processes. All the 40 or so
observed =7 yleld curves fn the mass region beyond the kinematic
limit were well represented by a simple exponential of the forn

Y = Ae-Bna An overall yield curve was fitted wifh three
parameters, two for an exponential background of the'ahove form
and one parameter for the "height" of the meson yield. The shane
of the meson yield was calculated using an accurate thick tarcet
bremsstrahlung formula, a standard spectrometer resolution
function, and the appropriate kinematic and decay in fliszht
corrections. }ln practice the data is obtained from a bhand of
photon cenergies extending up to the end-point energy, i.e. each
ladder element measures the cross section at a slizhtly different
u-value and photon energy k.' The variation of do/du with u and k
was taken into account in the shape of the meson yield by a second
iteration of the analysis. The derived values of k3(da/dﬁ) ware
insensitive to the assuied variation of the cross section with k
or u. In all our runs we observed very little sign of a multi-pion
production, until missing masses in the region of the A were
reached.

Fig. 2 also shows a n~ yield curve. The kinematic
threshold for n~ production is at a missing mass of one pion pnlus
a nucleon. 'owever the exponential fit to the data beyond the
kinematic threshold also fits the data well into the region of tvio
pion production. Thus there appears to be little evidence for
lower nissing xass states being produced. At the Af+ threshold
there is a siznificant change in the yi2ll curve. This hreak in
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the vield cufvc s well represented by the calculated shape for
An production as glven by a simple Breit=Wiegner shape for the A
folded in with the known experinental resolution. The assuaption
of an exponential background and att production gives a good fit
to the data up to missing masses of 1320 hMeV. Above this missing
mass value the n =-yield has substantial contributions from hizher
missing masses and is no longer well represcented by this fit. Cur
analysis Is insensitive to the exact dependence of do/du on k but
we assuned a k'3 dependence, as was observed for large angle
single pion production. We corrected for the observed variation
of do/du with a second iteration of the analysis. This correction
was small,

Fig., 3a shows our new data for ﬂ+-meson production. The
agreement hetween these new data and our previous data is
excellent(6)., We have plotted k3(do/du) versus u, where k is the
photon energy. Our data plottaed in this way fall on’'a
coivion curve, clearly demonstrating the lack of shrinkase out to
large jul| values. This shows that the cross section is not
dominated by the exchange of a single trajectory with unit slope.
There is no sign of a dip in the vield curve at
u* -0,15 (GeV/c)e. The resolution of the apparatus in |u] valuos
in this mass region is about +.01 (GeV/c)g; hence therec is no
possibility that the dip was not being seen due to poor
resolution.

Fig. 3b shows the data of D. Tompkins(7) et al. for the
reation y + P - x°+ P. For comparison purposes the measure4n+

. R o) .
cross scctions are shown as a dotted line, The = cross section
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at low |lu} values is rouzhly equal to the corresponding =t cross

+

section(7). At large Ju| values the n7 cross sections are about

O

1.5 larger thap the =~ values.

Fig. 3c shows our data for the rcaction 7+ P -n~ + Af+,

which must proceed through exchange of a 3/2 lIsospin particle.

The dotted line again represents the =t

cross section. llote that
the n~ A™ cross sections fall considerably more steeply with
increasing |Ju| than the «T N cross sections.

Fig. 3d shows the theoretical predictions of Paschos(2)
based on pure Ly, exchange, as well as the phenomenolorsically
predicted V.D.M. cross sections(8) basea on the reaction
x + P- p® + P for backward n+—photoproduction. In the V.D.H.
predictions 7§/un = ,67. A dotted line represcenting the « il cross
section is plotted for comparison purposes,

Our data for n+H combined with the n° P data suggests a
dominant isospin 1/2 exchange for large |u] values which woufd,
when combined with an isovector photon, predict a photoproduction
cross section ratio of n N to =OP of 2:1, close to the observed
ratio of 1.5:1. At small Jul values some amount of isosnin 3/2
exchange interfering with the isospin 1/2 exchange could easily ¢
result in the approximatc]y 1:1 ratio observed. This picture is
of course not unique, but is in argreement with the conclusions of
G. Kane(4) that isospin 3/2 exchanse can at the most contrihute
20% to the backward n+N photoproduction cross section. To b2 in
accord with the above picture tiie A contribution should drop off
rapidly with |u] so that it is only important at small Jul valuns,
Such behavior is indeed observed in the process 7 + P = x N
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which must proceed via A exchange.

The most natural class of theories to explain the present
set of experiments arc those which explain the dips, sometines ;
observed in'expcrlments involving nucleon exchange, as due to
interference(9) and not to "nonsense'" zeros. It is however
possible to salvage the conventional Regze model with a nonsense
zero for nucleon exchange if it Is assumed either that the isospin
1/2 exchange in photo-reactions is largely dominated by the
Ny-trajectory and not by the nucleon trajectory, or that the dip
is cancelled by an almost exact "exchange degeneracy'" of the Iy
and Ny trajectories as suggested by Barger and Michael for other
processes(10). A comparison of Conpton scattering(ll) with the
observed photoproduction cross section for the second
resonance(12) does not make it plausible that the r; is far more
strongly coupled to the photon than the Ny, neither does it seem
plausible that almost exact exchange degeneracy exists in some
u-channel reactions such as P + P x* + d and the photobroduction
processecs and not in other reactions such as the various =P
clastic scattering and charge exchange processes, The lack of
shrinkace with u is also likely to make the construction of
conventional theories difficult,

Wle conclude therefore that the lack of a dip occurring in
photoproduction processes, where there is every reason to beliave
that nuclcon exchange should he plavying significant role, throws
serious doubt on the presently postulated existence of a nonsense
zero occurring for the nucleon trajectory at u =~ -,15 (CeV/c) 2,
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FIGURE CAPTIONS

Fig. 1: The experimental apparatus,

Fig, 2: The measure& yield of xt and x~ mesons in counts aer
hodoscope element per 101# E.Q., normalized to standard
spectrometer aperture, is plotted versus missinzg mass squared.

The solid lines represent least squares fits to the data as
describad in the text.

Fiz. 3: a) k3(do/du) in cofP-c-GeVY is plotte:d versus u for
the reaction y + P -»xt + i for photon energies between 4.1 eV
and 14,8 GeV. This data is also shown as a dotted line in parts
b, ¢, and d of this figurc for comparison purposes.

3

b)Y k7(do/du) in cw?-cz-GeV is plotted versus 'u for

° 4+ P for photon energies between 6 %eV ani

the reaction y+ P -«
18 GeV, The data are taken from the experiment by
Tompkins, et al(7).

c) k3(do/du) in cm2-c2-GeV is plotted versus u for
the reaction y+ P -»x" + 87 for photon energies of .5 TeV an-
5:3 GeV.

d) The solid line represents the predictions for

+

the reaction y + P = + N based on a Regge model., The V.D.M.

predictions are also indicated.
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