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ABSTRACT

Backward elastic scattering of m¥ on protons has been
measured for incident pion momenta between 30 and 90 GeV/c
and 0<-n <0.5 (GeV/c)}?. The u-dependence of the cross
sections is similar to that observed at lower momenta, and
Regge models give acceptable fits to the data.



1. INTRODUCTION

This paper reports the final results of a Fermilab

experiment designed to investigate 7p elastic scattering in

o ° ‘
the range 0<-u§0.5(1’ [or 180 :Ggma > 16071 for incident
pion momenta P from 30 $0 GeV/c. Preliminary results
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have already been reported .

Sxperimental interest in backward elastic scattering
was stimulated in 1964 when a hydrogen bubble chamber group
at CERN reported(3) the observ=tion of an accumulation of
elastic events near u = 0 with incldent 4 GeV/c positive
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plions, Other experiments followed, firmly

establishing the exlstence of a sharp peak in the elastle
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incident pion momenta from s2 to io GevV/c.

The data below 20 GeV/c are found to have a natural
division at o5 GeV/c. Below this momentum, the differential
crass section at u = 0 varies considerably with momentum
showing several peaka and dips. The correlation of the
momenta at which these phenomena occur with the masses of
known baryon resonances supports the idea that a major
contributien to the backward cross section comes from
resonance (N* and A) formation in the s-channel, followed by
decay of the resonance back to 7p. Good fits to the data are
obtained'?’  for the scattering amplitude being the sum of a
Breit-Wigner resonance amplitude and a non-resonant

background, usually written in terms of a Regge amplitude.

Above 5 GeV/c¢, the resonance contribution subsides and
up to 20 GeV/c the data show the following characteristic

features:
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lastic differentlial croas section at u=0 for
L] interactions is larger than for T p

interactions. At 6 GeV/c, the ratio at/nT is 4,

2. The momentum dependence for the differential cross

section at us0 falls smoathly as P " (P is the
laboratory momentum in GeV/c): values of n bbtained

are n = 2.0 for 7 p and n = 2.7 for 7'p scattering.

3. For fixed incident momentum, the dependence of the

differential ctoss gectlion do/du on u near u = 0 is

of the form ePY,

4. For n+p scattering, a sharp dip in da/du 1is
observed near -u = 0.15, No such dip is observed

for » p scattering.

Figure 1 shows some typical data existing prior to this
experiment.
Although saveral optical wmodels are capable of

{12,13)

predicting peaks in the backward hemisphere none can

satisfactorily explain the observed differences in magnitude



and shape between ﬁ+p and * p backward scattering. The best
fits to the data were obtained with a model based on
Reggeized baryon exchange.(ls'lé}

Typical baryon exchange dlagrams for n p backward
elastic scattering are shown in Flgure 2. The scattering
amplitude M for such a process 1In the Regge theory 1s

written as:17

L+ i.T;iwu(u) g (u)-1/2
M = Flu} -
cos mafu) 9,
where F(u) - real funcktion of u
a({u) - Regge trajectory

t - *1 aignature of traljectory
3 is the total energy in the cms

3, 1ls a constant

This gives a differential cross section of the form:

ds/da » JEJZ = F(u) E} 2'1(!.1)-2

-]

This expression leads to the prediction that do/du for fixed
u varies as a power of 3; at high energies 3 i3 proportional
to P so that do/du varies as a power of P. We will make the
conventional assumption of linear trajectories i.e. a(u} =
a(0) + a'u, This assumption 1is observed to hold in the
poesitive u region of the Chew-Frautschi plot where the fit
i to particle masses.

in general the Reggeized baryon exchange model allows
for the exchange of the N, NY and LY trajectories in n'*p
scattering and the exchange of only the AG trajectory in w°p
scattering., Experimental data indicate the dominance of the
Nu trajectory in n+p scattering. These data show the
backward croas sections for n p (where only the A5
trajectory ia exchanged) to be appreciably smaller than for
w+p gcattering up to the higheat energies measured prior to
this experiment. Since the As contribution te the n*p cross
section 1is 1/9 {ts contribution to the n p croas section
{due to Clebsch-Gordon coefficients) ita contribution to the
overall u+p cross section 1s concluded to be small. The
argument that the NT contribution {3 smaller than the Na is
based on the observation that in the region near -u=0.15
where the NG amplitude vanishes, {see later) the n+p croas

section has a sharp dip. Since the NY amplitude is not



predicted to vanish there, the small value of the crosa
section at the bottom of the dip should reflect an vupper
limit on the NY contribution. Also, slince the N’T trajectory
lies below the Fa , 43 determined from the Chew~Frautschi
plots, the influence of the NY exchange should decrease with
increasing momentum relative to Na'

One strikling prediction of the Regge models 1is the
existence of the dip in w*p backward scattering. The
signature term 1 + 1te 1700} for the N, trajectory vanishes
at =-u = (.15 (where a = -0.5), and Indeed the cross section
becomes small at that u value, as 3een in Figqure 1. Neo
corresponding dip ig predicted {n #"p, and none is observed.
Fits to ﬂtp backward scattering with N, and &, trajectories
were carried out in the late 1960's, and good agreement
reached; an example is shown in Figure 3. The trajectory
parameterg obtained were close to the Chew-Frautschi plot
values.

Subsequent results from polarization experiments and
from the -reaction 7 p+n7°, which also may exchange N and A
trajectories, could not be explained by this simple Regge
model. More asophisticated modela, incorporating additional
trajectories, abscrption and cuts, were proposed to fit the
data. (18-20)  pgoyever, for ntp scattering near u=0 it was
believed that the simple model would cemain approximately
valid, and we later make comparisons between this model and

our data.

Using this simple meodel, an important prediction for
data ahove 20 GeV/c can he ohtained. Since the Na
trajectory lies helow the Ag, the Nu amplitude falls more
rapidly than the AG with increasing momentum, so that at
high encugh momentum both scatterings should he dominated by
A5 exchange. This leads to the prediction that the n+p
eross section at u=m0 should become ~ 1/9 that of 49 /du,
contrary to the situation at lower momenta. The f£it ko low
momentum results predicts the cross sections to cross at 50
GeV/‘c.(lE’la’21J In additien, the dip in the t+p angular
distribution should disappear at high momentum, gradually
being filled in by the contribution from the ﬂﬁ exchange.
Eventually the 2t angular distribution should become similar
to that of 7,

The firat results above 20 GeV/c came from experiments
performed at Serpukhov by Babaev et a1122,23) during the
first half of the 1970's, where they studied the reactions
17n+nn"  (isotoplcally equivalant to mn p+ps’} and 7 psptT at
momenta near 25 and 40 GeV/c. For the former reaction, they
measured do'/du at u=0 to be about a factar of 3 larger than
was expected from an extrapolation of low momentum results

=2.7 pomentum dependence, although the

using the expected P
angular distribution remained sharply peaked as at lower
momenta. In the latter reaction, although the magnitude of
the c¢ross dection d0”/du at u=0 was consistent with Regge

predictions, the angqular distribution became much more



peaked near u=0. Some data are shown in Flgure 4. These
results could not be explained by the conventional Regge
model. Models were proposed(24'25) which included the
existence of new (non-Regge) terms in the scattering
amplitude. The effect of such terms, it was argued, would
not be sSeen at lower momenta, due to small couplings, but
woild have a lesser momentum dependence than Regge terms and
would eventually Jominate. The experiment described here
was performed to test theoretical models to the highest
momentum practical, and also to cover the momentum range of
the Serpukhov experiments again. Its design was driven by
the expectation that the cross sections to be measured would

be small, of order nb/(GeV/c)z.
II. EXPERIMENTAL METHOD
a. Introduction

Plons in a beam of known momentum and direction were
elastically scattered off the protons in a ligquid hydrogen
target. The scattering angles and momenta of the recoll
pions and protons were measured In separate magnetic
spactrometara, each conaiating of an analysis magnet with
scintillation counter hodoscopes and multiwire proportional
chambers (MWPC's) on either slde to determine particle
trajectories. One spectrometer (*forward™), downstream of

the hydrogen target, recorded the forward scattered proton:

the second ("backward"} was located just upstream of the
hydrogen target to record the backward scattered pion. A
threshold gas Cerenkov counter in the forward spectrometer
identified the forward scattered particle as a proton. The
scintillation counter hodoscopes provided a fast, although
imprecise, momentum-angle measurement for each particle. An
electronic comparison was made between the forward and
backward hodoscopes, and any event whose correlation was
close to that expected for an elastic scatter gave a trigger
which caused the information from the MWPC's and other
spectrometer instrumentation to be recorded on magnetic tape
for off-line analysis. As will be described in Section II4,
there were two different experimental layouts used for the
forward spectrometer, in order to maintain resolution and
acceptance over the incident momentum range from 30 to 90
GeV/c. The backward spectrometer was not changed during the
experiment since the backward scattering kinematics are
relatively independent of incident momentum. Figure 5 shows
the experimental layout for 30 and 50 GeV/c data taking.

The experiment used beam for a total of 1500 hours
including set-up time. A summary of the data acquired and
analyzed during the experiment is given in Table 1. A more

detailed description of the apparatus follows.



b. Beam

This experiment used the M§ beam in the Meson Area at
Fermilab. The pions were produced by a 400 GeV proton beam
From the Fermilab Proton Synchrotroen striking a
30.5 x 0.15 % 0.15 cm beryllium target. Secondary particles
ptoduced at a 2.5 mr horizontal angle were collected,
momentum analyzed and identified in a 42D meter long beam
line, and directed onto the liquid hydrogen target, A
schematic layout of the beam tranaport components is shown
in Pigure 6, and a more complete description is avallable in
Reference 27.

The beam contained three atages and three foci; each
stage contained the seguence: point-to-parallel quadrupoles,
dipole, parallel-to-point quadrupoles, The momentum

acceptance of the beam was defined by a collimator at the

to maintain the desired flux on the liguid hydrogen target.
Momentum dispersion at the second focus was 4.442cm per
{t4p/p), ard a wmomentum measuring scintillation counter
hodoscope was placed at this location, For this experiment,
a parallel beam at the liguid hydrogen target was desired,
and so the Flnal beam quadrupoles {Q14-17 in Figure 6} were

not used.
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Beam particles were recorded by two scintillation

counters (B,, B, in Flgure S}, together with A, a halo veto

counter with a hole foxr the Dbeam to pass through. The
dimensions of all counters are given in Table 2.

Particle identification in the incident beam was
provided by an 18 meter long helium gas thresheld Cerenkov
counter Cn located in the third section of the beam line.
With 1its pressure adjusted 3just above pion threshold, it

eliminated triggers caused hy protons or kaons. The

remaining muons and electrons were measured at every beam

determined by measuring beam transmigsion through a 4.5
meter iron beam stop, and varied between 1% and 2% depending
on beam momentum, Electrons were measured with a lead glass
shower counter, and varied from ~10% of the beam at 30 GeV/c
to a negligible fraction above 70 GeV/c.

At the hydrogen target the beam size waa approximately
1.8 cm in diameter, with a divergence of +:0,3 milliradians
and a nominal momentum spread of t0.2%. There ware
approximately l.leO6 beam pions per‘1 second synchrotron
splll. The pion beam had the accelerator RF time structure,
and the pions arrived in “buckets,t each separated by 18.8
ns; roughly 1 bucket in 3% was occupied by a beam particle.

A 32 element acintillation counter hodoscope was placed
at the second focus (F2) to measure the relative momentum of

e¢ach incident pion. Each element was 3mm wide and
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overlapped its nelghbor by one third giving a spatial
resdolution of 1mm: this corresponded ko a momentum
resalution of 20.024%. The absolute value of the central
momentum was set by means of a nuclear magnetic resonance
apparatus installed in a beam dipole. Two sets of wire
proportional chambers (Wl and W2 in Flgures 5 and 7) located
22 and 3} meters respectively upstream of the liquid hydrogen
target provided directional and positional informaticn on
each incident pion. Each get contained both x and y planes

with wire spacings of 2mm.
8 Liquid Hydrogen Target

The target was a cylindrical vessel, 1 meter along the
beam direction and 7.5 com in diameter, constructed of 0.25mm
mylar. The vessel was wrapped In 40 layers of 6&.4um
aluminized mylar thermal insulation in an evacuated outer
vessgel., The outer vessel had a large exit window
conatructed of 0.4mm mylar spanning the entire length of one
side and the upstream face, to allow for the incoming beam
and the large angular range of the outgoing scattered pions.
Ancother window at the downstream end allowed the outgoing
proton and the uninteracted beam to exit from the target.
The target vessel was filled from a reservoir above the
target which contained hydrogen liquified by a small helium

refrigerator.
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All gides of the target enclosure, excladirg the
windows, were covered by veto counters to improve rejection
of inelastic interactions. Additional veto counters (some
preceded by a thin lead sheet) were also located downstream

of the target [see Figures 5 and 7).
d. Forward Spectrometer

Trajectory and momentum information on the forward
going proton was provided by four sets of MWPC's located on
either aide of an analysis magnet as shown in Figure 5. The
twe chambers (W3,Wd) located between the target and the
magnet consisted of one x and y plane each; the two behind
the magnat (W5,W6), one x plane each. Lateral wire spacing
for all planes was 2mm and the chamber sizes were always
such that they did not constitute aperture limits. Momentum
measurement was by means of either one or two standard
Fermilab BM109 analysis magnets. Each magnet had a gap of
6" x 24" and a pole length of 72",

.y = A mmmam oo ~
i

and acceptance could be
rajintained over the desired momentum range from 30 to 90
GeV/c, two experimental layouts were used. In the first
{shown in Pigure 5}, for data taking at t30 and *50 GeV/c,
the overall apectrometer length was 30 meters with a single
analysis magnet located 11 meters from the target; its

magnetic field integral was 1337 kG-inch for both incident

momenta, which provided a momentum resolution
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%Pz ~ £2x107% (Gev/c) !

The scattering angle resalution, 48, of this arrangement was
+0.34 rilliradians.

In the gecond layout, used for additional running at
-50 GeV/c, and for running at $70 and -90 GeV/c, the overall
gpectrometer length was increased to 60 meters, TWO
analysis magnets, located a distance of 31 meters from the
target, were used to obtain the desired momentum resolution.
Their magnetic field was scaled with momentum to provide the
same resolution at each momentum, with a total field
inteqral of 2546 kG-inch at 90 Gev/¢. This geometry had
momentum (AP/P) and acatteying angle resolutlions of 0.4%
and t0.110 mr respectively. For both layouts, the forward
spectrometer acceptance for backward elastiec scattering was
well matched to that of the backward aspectrometer,

The forward spectrometer, contained two hodoscope planes
of eight scintillation counters each, located downstream of
the analysis magnet re, FB in Figure 5) to provide some
dete;mination of the Qcatterinq angle and momepntum of the
forward particle. The F® counters were placed slde by side,
while those of the FS hodoscope partially overlapped. The
elements of sach hodescope were located such that a simple
coincidence between a given element in FZ and the
corresponding element 1in FB signaled a particle of a

scattering angle and momentum consistent with an elastie
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scatter. The counter s8izes are given in Table 2. The
approximate resolution of a pair of elements was .5 and .3
mr for the low and high momentum geometries respectively,
carresponding toe a momentum resolution, %3 = $13%, The
information from this telecope, together with that from the
backward spectrometer hodoscope, provided the kinematic
constraints in the trigger in order to heavily favor elastic
scattering.

A 1.5 meter diameter, nine meter long nitrogen gas
filled Cerenkov counter (CF) was also located 1In the
downatream part of the forward spectrometer. 1ts presgsure
was set Jjust below the threshold of the highest momentum
proton expected from an elastic scatter, to veto forward
piona, The counter was most useful in the n* running, where

an inelastically forward scattered L

often could closely
regemble in Einematics the proton from a backward elastic
scatter, 1In this case, the ¢trigger rate was typically
reduced a factor of 70 by including the Cerenkov counter in
veta., For n° running, a forward scattered m was deflected
in the opposite Adirection by the analysis magnet from an
elastically scattered proton, and the Carenkov counter veto
only raduced the trigger rate by 1.6 in this case.

The Cerenkav light produced in the counter was focused
by four adjacent spherical mirrors mounted at the downatream

end onto the 1.5* photocathode of an  RCA 31000M

photomultiplier. Particles leaving the counter had to
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traverse the one-inch thlek mirror glass so the counter was
placed as close as possible to the fipal MWPC to minimize
position measurement errors caused by multiple coulomb

scattering and interactions in the glass,
e. Backward Spectrometer

The backward spectrometer, shown in Flgure 7, was on an
axis 135° to the incident beam direction: this angle was
determined by a Monte Carlo program to provide the largest
geometrical acceptance for the given magnet aperture. Since
the backward scattered pion kinematics are relatively
independent of incident momentum in the range covered by
this experiment, the same layout and speckrometer magnetic
fiald could be used for all momenta, eliminating many
Instrumental uncertainties,

MWPC's were used to define particle trajectoriea on
either side of the analysis magnet. Upstream of the magnet,
horizontal track poaitidn was determined by 2 planes of
vertical wires with 2mm spacing, separated by llecm; vertical
position by 3 planes of horizontal wires also with 2mm
spacing and separated by l3cm and l0cm. The chambers were
aligned and fixed in a cradle attached to the front face of
the magnet; this compact configuration permitted close
placement of the analysis magnet to the target in order to
maximize acceptance., The analysis magnet aperture was 183cm

x 46cm with a pole length of 46cm;y its central field was 4.2
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KG with an effective field integral of 126 kG-inches. The
magnetic field polarity depended on incoming pion polarity
and was such that the backward elastically scattered pion
was always bent away from the Incident beam. An incident
beam channel in the magnet return iron allowed the magnet to
be positioned to maximize the pion scattering angle
acceptance. The field in this channel introduced a slight
deflection in the incident beam direction which was measured
during calibration runs and corrected in the analysis.
Behind the magnet, only the horlzontal track projection was
measured, usalng two planes of vertical wires. Wire apacing
in the planes was 2mm with adjacent wires Jjoined together,
ylelding an effactive apacing of 4mm. The distance between
planes was v40cm. To accommodate the large angular range of
the backward scattered pions in the laboratory, these planes
each consisted of several individual chambers positionead
side by saide; two in the first plane, three in the second,
The chamber frames were overlapped to minimize holes in the
acceptance. Monte Carlo calculation showed this effect to
be smeared in u due to the finite target length and the
acceptance was corrected accordingly. The sengitive areas
of all wire planes were sufficiently large that they wers
not aperture limits.

Located behind the final MWPC plane was a hodoscope
(51-512 in Figures 5 and 7). It congiated of 24

scintillation counters 11" wide x 12" high in a 2 high by 12
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wide array. The pion position measured by this hodoscope
gave approximate information on the pion momentum and
scattering angle {agsuming it to be elastic). This
information was then wused with that from the forward
spectrometer telescope {n making the trigger decision. A
gsingle cocunter near the target (So in Figure 7) was put In
coincidence with most of the S5 countera to help eliminate
background triggers from particles not coming from the
hydrogen target, The time between beam arrival and the
signal in a particular hodoscope element was measured using
time-to~digital converters (TDC's) and recorded for each
avent. This information proved useful in the off-line
analysis 1in eliminating those remalning accidental triggers

not originating in the target.
£. Fast Loglc

The fast logic system rapidly identified events where
the trajectories of both particles from the hydrogen target
were consistent with those expected for an elastic event. A
gimplified block diagram is given In Pigure 8.

A beam pion was ldentified by the coincidence
B=B,B,AC . To minimize background in the MWPC's, a beam pion
tag accepted only if it was not accompanied by a second beam
particle within $25 na. A signal from an element of the
S-hodoscope at the correct time following B, defined as

BS-B.SO.(51+92+...5121, indicated that a particle had
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emerged from the target and passed through the backward arm.
tso was only used for channels S3-512). The BS signal was
used as a pretrigger which temporarily disabled the
experiment and stored the MWPC and S-hodoscope information
in latches until the signals frém the forward hodoscopes and
Cerenkov counter were received and processed. Typically 1
beam pion in 2000 resulted in a BS pretrigger. The
individual coincidences Bsosi were also formed and sent to
delay lines for later use in forming the final trigger.

Following a delay of +400ns, the forward hodoscope
signals were received and the coincldences F, = F% . p?
(i=1,8) were formed. At this point, the kinematic
constraints were imposed. The signal BSF, defined as:

BSF = I BSA,3F; i=1,12; § = 1,8
where Aij = 9x12 matrix of 0's and 1's

was formed in a hard-wired coincidence matrix using
commercial fan-ina, fan-outs and.coincidence circuits. This
matrix contained all of the correlations between elements of
the forward and backward hodoscopes for backward elastic
wvents; the correlations were determined by Monte <Carlo
gimulation of elastic events in the apparatus, and changed
with incident momentum. A BSF signal thus indicated that an
event had a hbdoacope hit pattern consistent with that
expected for an elastic event, although such patterns could
also occur from inelastic scatters whosé‘kinematics were

close to elastic, and from interactions o¢ceourring upstream
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of the 1ligquidé hydrogen target, The latter source was
dominant.

The final coincidence, MASTER TRIGGER = BSF.C, insured
that the forward particle was a proton, This caused a
readout cycle transferring the event data stored in the
latches, TPC's and scalers to the computer memory and
evantually to magnetic tape. Upon completion of the
transfer, the TDC's, latches, and appropriate scalers were
reset and the experiment restarted. An entire event cycle
took approximately 10 milliseconds.

Any BS pretrigger which was not followed by the
approprlate signala from the forward counters resulted in
the clearing of all temporarily stored data and the prompt
reenabling of the experiment without computer readout. The
deadtime thus Introduced was < 2 usec, Approximately 99% of
the pretriggers fell into this category. Table 3 gives some
typlcal rates during the experiment.

A random selection of events triggered by beam only,
and also by BS only, was recorded continuously throughout
the data-taking. The total number of picns, as defined by
the beam telescope, incident on the liguid hydrogen targat
during the time the experiment was enabled was scaled at
each momentum and used to normalize the final differential

cross sections.
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g. PWC's

The PWC's were each conatructed of two sets of wire
planes built on aluminum reinforced Gl0 frames. Anode
(8ignal} wires were 0.025 mm gold-plated tungsten, and
cathode wires were 0.076 mm silver-clad beryllium-copper.
The gap between anode and cathode was 5.4 mm. The gas was a
mixture of 80% argon, 19.9% CUZ and 0.1% freon 13Bl.
Typical operating voltages were 4-4.5 KV,

The readout system was based upon the Nevis Laboratory
design of slppach(28‘ and used amplifier/discriminator cards
mounted on the PHC's feeding long stripline delay cables,
These cables in turn fed into coincidence registers (located
in the experiment counting area) which were gated by signals
from the Ffaat 1logic. The PWC's contalned a total of 4300

wires,
I1I. DATA ANALYSIS
a, Introduction

The data From the experiment were analyzed on the
Permilab CDC-6600 computers. The analysis procedure for
each event included the geometrical reconstruction, during
which many obviously non-elastic events were excluded,
followed by the calculation of several kinematic variables
which were a measure of how near to elastic the event was.

Elastic events were finally selected by making the
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appropriate cuts on these kinematic varlables. Since the
cross sections (and hence statistics) were small, particular
attention was given to making the analysis program as
efficient as pessible in extracting elaatic events from the

data.
b. Reconstruction

The first stage of the analysis began with the
gecmetrical reconstruction in the backward spectrometer.
Tracks were first reconstructed in the horizontal (x)
projection in front of and behind the analysis magnet. For
this to be possible, at least 3 of the 4 MWPC x planes |in
the backward arm had to record at least one hit. From the
measured efficlencies of the chambers, >35% of the picns
from elastic interactions had trajectories which could be
reconstructed. Eventa were divided into two groups: those
in which all 4 x-planes recorded at least one hit, and those
in which only 3 of 4 x-planes recorded hits.

For events ln the first group, a track was formed by
joining with a straight line a hit in one x-plane with a hit
in the other on the same side of the analysis magnet; {f
planes had more than one hit, all combinations were used to
produce a set of tracks. Thias procedure was used to
reconstruct tracks on both sides of the analysis magnet. To
reduce the number of tracks which did not correspond to true

charged particle trajectories, a track behind the analysis
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magnet was accepted only if it extrapolated to an
g-hodoscope element which had recorded a hit. If no track
was accepted, it was assumed that one of the planes failed
to record a true hit but contained apurious accidental hits.
The event was then reclassified into the second group.

For events wlth only two hits on one side of the magnet
and one on the other, tracks from the two-hit side were
traced through the magnetic field to the hit on the opposite
side by varying the curvature (momentum) of the track in the
fiald region. All possible combinations were tried and
again only those tracks behind the magnet which extrapolatad
to an S-hodoscope element which was hit were considered
valid.

Either procedure described above produced two sets of
tracks, one before and one after the magnet. Tracks from
each set were palred with the requirement that they meet
within the magnet volume, and the momentum was calculated.
The event was required to have a track that pointed back to
the liquid hydrogen target, and had the correct sign
momentum. The TDC information was used to insure that it
had the proper time of flight from the target to the
8-hcdoscope for an elastic pion.

Tracks were reconstructed in the vertical iy}
projections before the magnet, with the requirement of hits
in at least two of the three chambers. Events meeting all

of the criteria described so far were recorded on a data
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summary tape for Ffurther analysis. This first stage
analysis eliminated »~ 90% of the raw triggers.

In the second stage of the analysis, incident beam
tracks and tracks in the forward spectrometer were
reconstructed in both % and y projections. For the beam
tracks, information from both beam chambers was used unlesas
there was no Wl chamber hit due to inefficiency. In the
latter case position information from the W2 chamber was
used and the nominal beam direction was assigned to the
track. Due to the small divergence of the beam, thla
procedure introduced negligible error. h hit in W2 was
always required. Each beam track was extfapolated through
the channel in the backward spectrometer magnet, taking into
account the fringe field in the channel. It was then paired
with a reconstructed track from the backward spectrometer,
and the target vertex coordinates as well as the x and y
projections of the backward pion scattering angle were
calculated.

For the forward arm upstream of the analysis ﬁagnet.
tracks in the x projection were reconatructed using W4 and
the target vertex. W3 was not required but was included in
the fit if it had a hit. In the event that there was no hit
in W4, the track was constructed using a hit in WS and
extrapolating back through the magnet to the target vertex
assuming ita momentum to be elastic. Thus, the exlsatence of

a vallid forward track and the horizontal projection of the
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proton scattering angle, ei, were determined by requiring
only a hit either W4 or W5. The vertical projection of the
angle, 65, was calculated using the target vertex and either
W4 or W3. This procedure for determining the proton
scattering angle minimized the number of events lost because
of possible chamber inefficlencies. A kinematics program
used the incident pion momentum and the backward scattering
angle, A", +to predict the momenta of the backward pion and
forward proton, P; and Pé. The proton trajectory downstream
of the analysia magnet was calculated using Pé and the
reconstructed proton track between the target and the
analysis magnet, The event was rejected if the trajectory

8 wnieh

did not intersect the hodoscope elements in F* and F
were lnvolved in the trigger.

In anticipation of cuts which would be applied later,
the variables X, APx, APy and Ast were calculated and
recorded during the second stage of analysis. The first

quantity 18 defined as

-pt
P“P"

)!“-
«-pr

P" Pﬂ

and measures the dlscrepancy between the measured and

predicted scattered pion momentum. It has the property that

the width of the distribution of elastic events in X is

constant for all scattered pion momenta, allowing the final

elastic eut on this variable to be the same for all



25

scattering angles. The second and third quantities are

transverse momentum imbalances defined by

n
ap = - pP
%y " Py T Pruy
where P = P! gin 97 _ and PY _ = P* sin AF The fourth
X,y n R, ¥ X,y P x,y°

quantity Ast ig the distance between the predicted
{intersection of a proton trajectory with W6 and the closest

recorded hit in W6.
c. Event Selection

After the events were reconstructed, histograms were
made of the number of events versus the vaziébles L APK,
APY and A% c- Examples are shown in Figures 9-12. In these
Figures, the unshaded histograms show the number of events
before any kinematic cuts were applied. These plots all
showed the same characteristic feature of a sharp peak about
the {expected) value zero, containing the elastic events,
superimposed on a rather samooth background of Inelastic
events. In the histogram of x", shown in Figure 9, the
inelastic background, as expected, is mostly to one side of
the peak, since the momentum of an inelastically ‘gcattered
plon iz always less than that of an elastically scatterad
pion at the same angle, The width of the peak directly
reflects the momentum resolution of the backward

spectrometer.
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The final selection of elastic events was made by
choosing those events which fell within a prescribed
intarval about the elastic peak in each of the 4 wvariables.
The 1limits of this interval for a given variable were
determined by observing the width of the elastic peak in the

variable after all of the other cuts were made. The shaded

_histrograms in PFigures 9-12 show the number af events

remaining after the cuts on all variables except the one
plotted.

The events accepted by the elastic cuts were used to
generate a final histogram of the number of events versus u,
with the value of u for each event calculated from the
scattering angle of the backward pien. Events in this
histogram consisted of the true elastic scatters together
with a amall background of inelastic events under the

alastic peak.
d. Inelastic Background

Inelastic background in the final data sample was
calculated using the distribution of events in the variable
x,. From a histogram similar to the lower curve of Figure &
(ther Algtribution of events surviving the elastic cuts on
all the varlables except x“), the background outside the
elastic peak was found to be approximately flat for positive
x“, and to eventually fall to zerce for negative x To
determine the amount of background beneath the elastic peak,
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the assumption was made that it varied 1linearly from Iits
level on one side of the elastic peak to its level on the
other. A 2*50% systematic error in the background was
included to allow for uncertainty in this procedure. The
distribution of inelastic events in u was then determined by
histograming the u values of events which satisfied the
elastic cuts on all variables except =x_. Agssuming the
inelastic events beneath the elaatic peak had a similar
distribution in u, a subtraction of the background could
then be made. Since the statistics in this histogram were
generally poor, fluctuations of the background level in u
were smoothed out using a simple fit, Some checks of these
procedures were made by selecting inelastic events from
outside the elastic peak. Within limited statistics, they
were ahown to be correct.

For the m data, the background subtraction was always
legss than 10% at 30, 50, and 70 GeV/c, but increased to r25%
at 90 GeV/c for -u> 0.25. Por ©, at 30 and 50 GeV/c and
near u=0 for 70 GeV/c, the subtraction again never exceeded
10%. However, at 70 GeV/c, in the region of the dip and
beyond (-u>0.5} the background became equal to the aignal.
In this region, only upper limits are quoted for the cross
section.

Quasi-two-body reactions such as 1p+N*n, N*+pn® and
Tp*Npo, o+nn® may not be correctly subtracted by the process

described above. However, a Monte Carlo study showed that
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under 1% of such reactions woculd have decay charged
particles falling within our analysis cuts. Around 10
GaV/c, these reactions have cross sections saimilar to

elastic scatte:inq,‘29'30’

and since they are also baryon
exchange processes, we would expect this to be also true for
momenta between 30 and 90 GeV/c. They should therefore

contribute a negligible background to our data.
a, Corrections and Acceptance

The measured cross sections were corrected for muons
and electrons in the pion beam (1.5-12.7%); more than one
beam particle in an rf "bucket" ({2%); absorption in the
hydrogen target, air, Cerenkov counter mirrors, MWPC's, and
counters (+v30%); and accidental vetos of elastic events ‘by
delta rays produced in the target (4.9%).

The geometrical acceptance of the apparatus at each
incident momentum was determined by a Monte Carlo program.
BElastic events were generated in the hydrogen target and the
scattered particles propagated through the spectrometer arms
with multiple scattering included; measured incident beam
parameters (momentum spread, divergence and spot size) were
used, The probability of detecting an event was calculated
as a function of u, The 30 GeV/c acceptance curve is shown
in Figure 13; curves for the other incident momenta are
aimilar. Because the overall acceptance wWwas essentially

determined by the fixed vertical acceptance of the
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S-hodoscope counters, the acceptance curve exhibits an

approximate (sin @ -1 dependence expected for this type

;ab)
of geometrical constraint.

MWPC efficiencies, measured during special calibration
runs at various times during the data taking, varied hetween
85~983% depending on the chamber. Chamber response as a
function of time was very stable.

The efficiency of the analysis program for identifying
elastic events as a function of u was measured using Monte
Carlo generated events. Included in the event generating
procedure were the effects of MWPC spatial resolution, MWEC
efficiency, multiple coulomb scattering, incident beam phase
space and scattered plon decay. To account for the effect
of the additional random background hitas present in the
MWPC's and hodoscopes, real data taken at random times
during the beam spill were added to the Monte Carlo
generated elastic MWPC and hodoscope data. The resulting
events were then processed by the analysis program.
Including the effects menticned above, between 78-86% of the
elastic events were identified as such. Most of the events
that were not identified as elastic lacked sufficient MWPC
data due to the measured chamber efficienclies included 1in
the program. If the chambers had been 100% efficient, the
program would have identified >98% of the Monte Carlo events

as being elastie.
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Radlative corrections were calculated using the
procedure cutlined in References 31-34. For n*p scattering,
the correction was negligible; for mp the correction
changed the overall normalization of the differential cross
sections by a factor 1.14-1.18 depending on momentum. The
correction was independent of scattering angle.

Sevaral runs were taken with the target empty to
determine the contribution from events not originating in

the ligquid hydrogen. It was found to be negligible.
v, RESULTS

The results are presented in tabular form in Tables 4
and 5, and graphically in Figures 14 and 15 (together with
some earlier results). The errors quoted are statistical
and represent one. standard deviation. For those bins in
which no signal above background was found, the cross
sections are given as upper limits and represent 90%
confidence levels. Because of uncertalnties in the
previously discussed corrections, the uncertainty in the
overall normalization of the cross sections is estimated to

be *15%.
a. General Features

1) The u distributions of the cross sactions do/du

for both 1% and 7~ we have measured at 30 GeV/c and above

are similar to those previcusly obtalned below 20 GeV/c. 1In
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Figures 14 and 15, the results may be compared with the rt

results of Baker et al.!8) at 7 Gev/c and the n~ results of
Owen et al.(Tl at 6 GeV/c., For ﬂ+p scattering the steep
backward peak and the dip at -u=0.15 as well as the broad
second maximum between -u=0,15 and 0.4% ace all predent, at
least up to 50 GeV/c. The data at 70 GeV/c are also
consiastent with these features.

2) In the region of the backward peak, the cross
saction has an approximately exponential dependence on u.
The data in the region -u<0.1 for positive plon scattering
and -u<0.5 for negative pion scattering were fit using the

BY rhe fitted values for A and B are

relation dg/du = he
given In Table 6. The values of B range from 21 to 26
(GeV/c)"z for positive pion scattering and from 4 to 7
n.'(;e\.’/c)"2 for negative pion scattering. These are compared
with the values of B obtained at lower momenta in Flgure 16.
For both polarities, they are consistent with a slow
increase in B for incident momenta between 5 and 90 GeV/c.

3) The cross section do/du at u=0 for w*p is greater
than for n p at all measured momenta. The ratio of u+p/ﬂ‘p
is 1.9 + 0.3 at 30 GeV/c, 1.3 £ 0.3 at 50 GeV/c, and 1.5 ¢
0.8 at 70 GeV/c.

4} The cross section do/du at u=0, for both positive
and negative pions, decreases with Increasing momentum. The
available data above 5 GeV/c¢ including our own have been fit

to the form:
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49 (p, uwo) = ap7"

du

For the fits, the gquoted statistical and systematic errors
were added in quadrature for each experiment. For n+, the
data from Babaev et al.!22)  a¢ 23 anad 38 Gev/c were not
included in the fits (for reasons explained below). The
results are shown 1in Figure 17. We obtain the values
nt=2.31 t 0.07 and n"=2,08 t 0.06 with chi-sguared
probabilities of 26% and 21% respectively., Fits to the data
of this experiment only vield the values nt=2.51 ¢ 0.36 and
n"=2.11 * 0.21. Within errors, the two sets of resulta are
consistent.

5) The data do not confirm the large values of dg/du
at u=0 for n*p scattering, nor the large values of the n p
slope parameter B observed in the data of Babaev et
al.(zz'ZJ) As shown in Figure 17, their 40 GeV/c n+p result
is approximately 2.5 timea larger than that expected from a
smooth interpolation between the measurements "of ‘this
experiment at 30 and 50 GeV/c. The angular distributions
however are quite similar {see Figure 15). For T p
ascattering, the two experiments ohserve subgstantially
different angular distribution as shown in Figure 14, where
the 38 GeV/c Babaev et a1(23) results have been included for
comparison. Fits by the Serpukhov group to their data yield
values for the parameter B of 23 and 19 {Ge\)’/c)"2 at 25 and

38 GeV/c respectively in comparison to the values of B
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between 4 and 7 (GeV’/C)“2

for this experiment (see Figure
16). It should be pointed out that thelr data covered a
much narrower u range than ours, hence their Eits were
limited to the reglon very close to uw0. The posaibility
that a real physics effect near u=0 leads to a sharp peak in
the 1 distribution cannot entirely be ruled out. However
our data, particularly at 50 GeV/e, do not support thia
hypothesis. Statistically, the Babaev et al. values of B

are £2 - 2.5 standard deviationa from the values expected by

interpolation from other data, as seen in Figure 16.
b. Discussion

As was mentioned in the Introduction, many of the
features of both n'p and m p backward elastic scatterling
between the resanance region and 20 GeV/¢ can be explained
by a simple Reggeized baryon axchange model using only the
Nu and 55 trajectories, We find the same to be true for the
data obtained by this experiment between 30 and 90 GeV/c.
In the modei, the dip in the n+p differential crosas section
at -u = 0.15 occurs because the amplitude of the Na
trajectory, assumed tc dominate this process, vanishes at
thisa u value. Since in 7 p scattering, the exchange of the
nueleon trajectory cannot occur, a dip is neither expected

nor seen at this u value.
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The model also predicts the width of the backward peaks
to slowly decrease with increasing momentum, Since
experimentally the backward peaks at all energies may be
parameterized by the form AeBY, the parameter 8 should
jincrease with increasing momentum P as B=21ln(P) + constant.
The data above 5 GeV/c including those of this experiment,
as shown in Figure 16, are consistent with this form.

The Regge model prediction that the cross section do/du
for any value of u varies with increasing momentum as
sza(U}'2, where 3 is the CMS energy squared and afu) is the
trajectory of the exchanged Reggeon, can be used to derive
effective Regge trajectoriea. These can be compared with
the AB and the Nu trajectories which are assumed to dominate
v and n' scattering respectively, as a check of the
validity of this simple model. The available n~ and %"
backward elastic data above 5 GeV/c including those of this
experiment (and also the data of this experiment alone) have
been Eitted using this parameterization for sgeveral values
of u in the range 0<-u<0.5% (GeV/c)z. The chi-sguared
probabilitiea of the fita, which vary from 50% to 5% and
from 70% to l0% as -u increases from 0 to 0.5 for 7t ang »”
scattering respectively, are an indication that this
parameterization describes the data well. 1In the fitting
procedure, a 15% systematic error was added to the quoted

gtatistical error of each experiment to allow for

uncertainty in the absolute normalization of the different
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experiments. The results of the fits, expressed in terms of
a{u}, are shown In Flgures 18 and 19 for v~ and at
scattering regpectively.

For n p scattering, a linear least squares fit to the
effactive trajectory gives afu)=-{0,06:0.05) + (0.50+0,26)u
for the 5-90 GeV/c data, and af{ul=-(0.11*0.14) +
(0.67t1.04)u for fits to the 30-90 GeV/c data of this
experiment only. These results are consistent with the form
of the Aﬁ trajectory, a(u)=0.0 + 0.9%u1, obtained from Regge

fits at lower energies.(ls'lg’

The u=0 intercept of the
effective trajectory gives the momentum dependence of the
cross section dg/du at u=0 of p23{01-2 = p=2.12 .54 to
the p~2-0 predicted by the model,

For n+p scattering, we find the linear €lt to the
effective trajectory of the 5-70 GeV/c Jdata (omitting
Reference 22 as discussed earlier), afu)==-(0.1520.06} +
({2.2410,25)u, to be somewhat steeper in u than expected for
the N, trajectory, which from low energy Regge fits is
parameterized as a{u)=-0.37 + 0.9u.{18,19] However, we find
the effective trajactory derived Iin the range 30-70 GeV/c
from the data of this experiment only, a(u)=-(0.37£0,11) +
(0,.581+0.50)u, to be in better agreement. The higher u=0
intercept of the effective trajectory from the 5-70 GeV/c
data, a({u)=-0,15, gives a momentum dependence for do/du at
u=0 of p"2-31 ag opposed to the p2.7 dependence predicted

by the model, If we use this p-2.31 parametarization for
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extrapolation, the prediction for the momentum at which the
n~ cross section becomes larger than #t becomes 400 Gev/c.
For both n* and 7, the observed shape of the u
diatributlons are in reasonable agreement with predictions
made saeveral years ago from the simple Regge modeltla): ﬁhis

is illustrated in Figure 20 for our 50 GeV/c data.

c. Phenomenological Regge Model Fit

Since publication of our preliminary data,(z) an
analysis of all backward scattering results including curs
has been carried out by Mir and storrow!35) pased upon thelr
earlier analyses using data up to 20 Gev/c.(lg, In
pacticular they examined the consistency of the lower
monmentum results upon which the predictions to higher
momanta are based. They also included polarization data in
their fitting,

Ag has been noted {n the 1literature over the past
several vyears, there are disagreements in the absolute
normalizationa gquoted for the different experiments below 20
GCaV/c. Thiaz leads to disagreements in the predictions for
higher momenta, since the parameters of the model will vary
according to which low momentum data are used.

Their model has three Regge exchanges, with the 'NY
added to the two we have discussed earlier. The three

trajectories are

N afu) = =~-0.37 + 0,90u
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N_: = -0.43 + 0.90u

AG: a 0.90u

In addition, the Aa trajectory i3 modified from the
standard Regge model by allowing the real and imaginary
parts to have separate parameterizations.

Mir and Storrow allow the relative normalizations of
the lower momentum experiments to float, In fitting to all
of the data (both low momenta and ours), they Ffind that
normalization of lower momentum data to Anderson et al(s)
does not glive good flts. There Ils a slight preaference for

normalization to Baker et 31[3) rather than to Owen et

2 *

al,(T’ and the x* of the fits improve 1f the 7 data of Owen
at al are omitted from the fita. Examples of their fits to
cur data, using the Baker et a1 (8} normalization, are ghown
in Pigures 21 and 22, and it can be seen that this model
provides good fits, The Babaev et a1 {23 T p data is not
ruled out, although the large valuss of B they quote are
- 2=2.5 standard deviations above values consistent with all
other data. The w"n+r"n data of Babaev et al(22) are
rejected as inconsiastent with all other n+p + t*p data, as

we have noted earlier.
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V. CONCLUSTIONS

We have measured ﬂtp backward elastic scattering
betwean 30 and 90 GeV/c. The data show that features of
this process observed at lower momenta continue to be
present in this new momentum range. Among the ohgervations

are:

(1) do/du has an exponential shape near u=0 for both r*p

and r"p.

(ii) do/du at u=0 falls as P™" for both n*p and T p.

{Lil) The dip in do/du for »*p at ~u « 0.15 is still present
at high momenta,

{iv) Data from Serpukhov on 7~ n+r"n {isotopically equivalent
to wtpsrtp) at »25 and 40 GeV/c are incconsistent with
our data and all other n*p data. Their values of the
exponential slope for n”p scattering are 2-2.5 standard
deviations higher than consistent with other data.

{v} Regge models are able to fit the new data. We have
shown simple Regge flts to previcus data and the new
data predented here. We have commented on a more
comprehensive analysis carried out which includes our
data; while scme (not unexpected) modifications have te
be made to the simplest Regge ideas, in general the

resulta provide support to the Regge model,
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TABLE 1. TABLE 2.

Scintillation Counter Dimensions
Summary of Data Taken

Herizontal x vertical. Typical sizes for hodoscope

Incident Momentum pions on Event Elastic elements are given when not all identical.
Particle (Gev/c) Target Triggers Events
By, By 2" diameter circular
nt 30 25.5 x 10°? 130 x 10? 100 A 5.5" x 5.5" with 2" diameter circular hole
ot 50 45.4 x 10% 263 x Lu? 62 Sy 11" x 12"
- 70 49.6 x 10° 621 x 107 14 Fa 2.75" x 7.5"
n 30 33.7 x 10° 256 x 10°? 142 rB 9.38" x 14.5"
L 50 g8.6 x 10° 27r x 10° 12}
L 10 58,3 x 10° 305 x 103 31 TABLE 3.
e 90 43.0 x 109 233 x 10? 13 Typical rates during the experiment
Beam pions per accelerator cycle 1.5 x 106
BS pretriggers per accelerator cycle 750
Master triggers per accelerator cycle 10

Elastic events per accelerator cycle 2 x 1074 - 3 x 1073
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TABLE 4.
TABLE S.

Differential Cross Sections
- _ pifferential Cross Sections
ToppT
; s ntp+pr?t
Statistical errors only are listed; there is an additional

overall normalization uncertainty of 15%. Statistical errors only are listed:; there is an additional
overall normalization uncertainty of *15%.

Incident u Au da/du Error
Momentum Incident u Au da/du Error
Momentum
(Gev/e) (Gev/e)2  (Gev/e)? nb nb
{Gev/cl 1GeV/c) < (GeV/c) {Gev/c)? (Gev/c)? nb nb
GeV/clZ (GeV/cl~
30.0 +0.004 0.008 225.2 53.1
-0.010 0.020 172.5 33.2 30.0 +0.003 0.011 351.1 2.6
-0.035 0.030 125.4 27.4 -0.011 0.018 370.4 51.1
-0.070 0.040 124.2 29.3 -0.030 0.020 176.9 43.5
-0.110 0.040 111.2 30.9 =0.075 0.4a70 66.4 17.1
-0.155 0.050 85.0 24.5 -0.115% 0.090 <12.3
-0.210 0.060 86.9 22.4 -0.250 0.100 18.6 9.3
-0.285 0.090 53.6 15.5 -0.350 0.100 54.1 19.1
-0.380 0,100 313.2 13.6 -3.450 0.100 56.5 23.1
~0.480 0.100 < 23.4 -0,550 0.100 17.4 17.4
0.0 0.000 0.008 96.9 25.9
50.0 -0.004 0.013 55.8 13.6 -0.014 0.020 65.2 15.8
-0.025 0.030 62.7 11.4 -0.042 0.038 40.4 11.2
-0.060 0.040 60.0 11.2 -0.080 0.040 11.8 6.8
-0.105 0.050 49.9 11.8 =0.135 0.a70 5.9 4.1
-0.160 0.060 30.2 8.6 -0.215 0.090 11.8 5.3
-0.240 0.100 10.7 4.3 -0.305 0.090 12.1 5.6
-0.34¢ 0.100 6.0 3.5 ~0.400 0.100 10.9 6.3
-0.440 0.100 3.1 3.1 -0.500 0.100 6.0 6.0
70.0 -0.013 0.024 20.8 7.4 70.0 -0.011 0.018 26.6 9.7
-0.100 0.150 15.8 4.1 -0.045 0.050 12.2 5.1
-0.250 0.150 8.1 3.3 -0.120 0.100 < 4.4
-0.400 0.1590 < 5.5 -0.245 0.150 < 3.3
-0.395 0.150. < 6.3
90.0 -0.014 0.023 15.2 7.6
-0.100 0.150 9.4 3.9
-0.250 0.150 5.1 3.8
-0.400 0.150 < 7.8
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(GeV/c)

+30.0
+50.0
+70.0

-30.0
=-50.0
-70.0
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Expcnential Fit of Backward Peaks

333.8
96.7
36.8

175.40
73.2
24.1
16.1
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2l.14
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FIGURE CAPTIONS

Pion-proton backward elastic ?ﬁ?ttering at 7.0
GeV/c; data from Baker et al.

Baryon-exchange diagrams for
backward elastic scattering.

plon-proton

Fits to the ﬂ+p data of Owen et al.(ié uging
the Regge model of Barger and Cline. (1%)

a) n°p data at 3B GeV/c from Babaev et al,(23'
together with a d???ed line through the
results of Oyen et al at 6 GeV/c. 7?) do/du
at u=0 for n p. Data from Owen 55 al( {below
20 GeV/c) and Babaev_,ef a1t?%) " (above 20
GeV/c). The line is p °°

Layout of the experiment for 30 and 50 Gev/g.
Wa—wll represent droups of PWC's: 5, ,,. F,
F° are scintillation counter hcdoscopés. B,,
B,, A are scintillation counters, WNot showWn
age scintillation counters and a threshold
Cerenkov counter in the incident beam upstream
from the region shown in the Figure,

Schematic arrangement of the Fermilab M§ beam.
Backward spectrometer layout.
Simplified fast logic system.

Humber of events as a function of «x for 50
GeV/c m p data. The shaded histogram shows
the number of events after cuts on APx, APy

and Axwe.

Number of events as a function of AP for 50
GeV/c n p data. The shaded histro&ram shows
the number of events after cuts on X APY and

Ast.
Number of events as a function of AP for 50

Gav/c 17 p data. The shaded histodram shows
the number of events after cuts on X, Apx and

Bxyg
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Number of events as a function of 4 for 50
Gav/c T p data. The shaded histgg§am shows
the number of events after cuts on x_, an and
AP .,

¥
Apparatus acceptance for 30 GeV/c gata;l Also
shown as a dashed line is a {(sin Blab) curve

which is the expected acceptance for a fixed
vertical aperture at the 5, ,, hodoscope.

Results of thia experiment for the
u-dependence of dc/du for n p backward elastic
scattering; upper error limits are 90%
coggidence. Solid lines are fits of the form
he to(EE? present data and those cf(T?abaev
et al. Results of Owen et al are
represented by a dashed line.

Results of this experiment for the
u-dependence of dc/du for 7 p backward elastic
scattering; upper error limits are 90%
coBEidence. Solid lines are fits of the form
Ae to(ia? present data and those of (E?baev
et al. Results of Baker et al are
represented by a dashed line. Remaining
dashed lines are to guide the eye.

Results for B. Data are shown from this
axperiment and from References 4, 6-10, 12,
22, 23. The two llnes shown are fits of the
form B = 2 ln(P) + a constant to the data for
each pion sign.

Results for do/du at u=0., Data are shown from
this experiment and References 4, 6, 7, B, 10,
12, 22, 23. The curves are the fits described
in the text.

The effective trajectory for 1 p backward
elastle acattering, derived as described in
the text. The solid line is a linear £it to
the data; the dashed line is the expected A
trajectory. a) Data from this experiment an
References 4, 6, 7, 8. b) Data from this
experiment only.

The effective trajectory for 1+p backward
elastic scattering, derived as described in
the text. The solid line is a linear fit to
the data; the dashed line is the expected N

trajectory. a)} Data from this experiment and

Pigure 20

Pigure 21

Figure 22

50

References 4, 7. 8. b) Data from this
experiment only.

Comparison betwesen the 50 GeV/c ﬂtp data from
this experiment and those predicted by the
simple Regge model discussed in Reference 18
{sclid lines).

Fits to the 7 p data of this experiTSQF using
the Regge model of Mir and Storrow.

Fits to the n+p data of this experingf using
the Reqge model of Mir and Storrow.
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