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Two experinents to study the low mass diffractive
ernhancement recoiling against 1 fast forward pinn fronm n+p
zad 7 p ccllisions at 14 GeV/c are described. Photographs
2f the SLAC 40 inch hydrecgen bubhle charber were triggered
by 3 doewnstream spectrometer when the missing mass,
calculzzed orn line, was above 1,1 Gev. Evidence for a
non resorant wass peak at 1,35 GeV s rresented, as well as
for producticn of resonances at about 1,5 and 1,68 GeV, The
data are preserted as distributions in mass and momentum
transfer, as well as moments and isocline plots of the decay
angular distributions. Model independent features are

emphasized.



T. INIHIDUCTION

We have performed two experiments in which about
2:7,000 mp irelarczic scazterirg events were measured in
order t¢ study the detailed nature of the low mass
erhzncemernt recolling against the faz= forward piosn in these
evernts, This erhancement appears tu he produced by all
hadron beams over a very wide energv range with comparable
cross sections and 1s generally suophsed to be the result
of diffractive scattering, or Pcmeron exchange. For 3-hody
final states the simplest onrocezses are illuszrazed in Fig.
1. These are: (a) direc*t nucleon pole contribution,

(b) pion exchange with 77 scaztering, {(c) barven exchange
with 7N sca-zering and (d) nnucleon re-onance exciza-ion,

Althcugh from the earliest studies c¢f the process it
was recognized *ha< rescnince like s<ruc-ures appear in the
erhancemert, no clear identification »f the mass reaks has
beex made.! A-tention turned to —he Drell Hiidaz, or Deck?®
{PHD) effect cf diagram (b)), which can bhe mzde to describe
*he gross feztures of the data, especially if form factors
ard -abscrption correct:ions are introduced, * Pecen=ly, *the
possible impcrtarce of nucleon exchange has bheen
stressed. ! % ® It has been showr > ® -har con:zributioas from
(2) and (¢) tend to cancel, which may explain the relative
success fourd using (b) alone, but which alse suggests that
much more detailed data will bhe rneeded than heretofore to
sdentify the ind vidual consributiouns from the pruces$es of

Fig. 1.



Ir our expeziments, the SLAC 40 inch hvdrogen bubble
chamber was rurn at 2 high repetiticrn riate while exposed +o

, + - N
14 GeV/c w and © beams. Photeographs were oalv taken when

fu

a fast forward scattered particle, corresponding to that
expected frcm the inelastic diffraction process, was
detected in a1 large acceptance magne-ic spectTometer
dcwnstream., I rhe 2-3 msec between heam passage and full
bubhle growth, it was vossible te calculate the avparent
missing mass recoslling against the de-ected pion and thus
exclude most of the prolific elastic scatteriang eveats.
Faurtherwore, this hybrid sys*em allowed the fast particle *o
be measured with much higher precision than could be
obtained with the bubble chamber alone, which resulted in
our cdtaining a da<ta sample wi*h very small con-amination
from multi-neutral events,

In this paver we presen* our observations of *he
fcllowing reactinns (the diffractively produced system is

showa here in parerntheses):

e > (o) (1)
T p > 7w (pn°) (2)
mTp > 17 (anT) (3)
Tp > 7 (an7) (4)
wtp > atatteT) (%)

T p > n-(A++n_) (6)



F-r conveniernce we =shall use *he noti-iza +(pm°) s i(nn+) and
+(An) to> refer t5 these pairs of reactions.
At our energy ve can attempt t¢ interpret the

ffracnive, and

e

irtezference between the already Zmportant d
n~t yet negligible non-diffractive processes, using their

dependence cn ~“he charge of +the bteam. A+ this =-ime we will
present mairiy *the da*ta itself., A moze de-ailed analysis is

ir progress.

T. CXPEFTYENTAL DETATLS

The layout of *he hybrid svstem used in *his experiment
is shown in Fig, 2. A pion team of 14 GeV/c ncnminal
momentum (14.2 GeV/c for o, 13.7 GgeV/c for w+) traversed
the SLAC 40 inch hydrogen bubble chamber which was equipped
with thin windows for particle entry ard exit and which
could run at up to 12 expansions per sec>nd. The sca*ﬁerinq
of a beam pion in the horizontal plare wis detected by a
cvircidence betweern scintillatinn counters SB, S1 and S2.
The lat-er *wo scintillators were divided irts lef+ and
right sectisas, separated s5 that the undeflected team would
nass bectweer thea undetected. A coincidence nroduced a
spark chamber trigger fcr four "stations" »f

magneto-stricrtive wire spark chambers (W57), which were read
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SA2 cowputer.s 4 odipole magnel of upoproximately

2.8 tesla-m bending power was used. Zach sta%ion contained



a pair of horizontal (¥) &and vertical (v) wWwire planes and in

additicn statiocas 1 and 3 each had a pait ¢f pl with
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wires az *45° 1o the vertical %o resolve mul-i=-svark

. . + . . . .
ambhiguities. Ir the m experimert, the wire hi n two
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proportioral wire chambers (PYC) caused ty the bheanm particle

were alsc read in; these chanbers were not available for the

-

m exposure. Some furrher details of *he appararus may be
fHrund in Ref. (7).

After the wire chamber hits were read into the
compu~er, there remained approximatelv 2 msec, while bubbles
were growing in *he bubhle chamber, befcre a decigion =9
flash the camera lamps had t» be made, The following
algorithm was used »n the spark chamber data +o define a
cimputer trigger:

(i) Search *he horizontal wands of the wire spark
chambers 1 and 2 for segments which pass through the center
of ~he bubble chimber within a broad tolerance. Extrapolate
each such segmen= to the center of +the dipole. Nex*, search
stations 3 and 4 for seqgments which have the same intercept
a* *he dipole.

(i1) Use the diposle bend argle and the scattering
argle projeczed on the horizontal plane (contaiaing the
bnbble chamber field), ©_, to estimare the missing mass:

X

MM2 = Mlz) + 2Mp(E - ) ("

E
beam fast

2
Pbeam fastex



where the beam i3 assiqgned fixed values determined
periodically.

(r13i) Apply =zhe firs* rrigger conditinn: 1190
< #% < 3500 4veV. Since the elastic cross section is
aboutr 5 ab and the diffractive cross sectizn is
ahout 1 mb the experiment would be swamped with
elastics if the accuracy of %4 is not sutficient +o
reject them, The spread in heam momertup was less

t+han 0.5% and the error ia wAs abcut the sime.

Pfast
Hence the on line error in MY is akbou+t 100 “eov

including the error due to neglecting the 3cattering
angle ncrmal to the bubble chamber field. The

ninimum of 1100 MeV was set to rejec: aksuz 75% of

the elastics at the sacrifice of a reducei

efficiency for masses near 1100 Mev,

(iv) For the final trigger conditicn, regquire =he
track to intercept the center of the buttle chamber to
+1.5 cm ir the horizontal plane. The hcrizontal width of
the beam of 0.5 cm, <he length of “he fiducial are: of 75
cm ard the maximum horizoatal acceptince of +60 ar
guarintee that legitimate interactions satisfy this
criteria. This is not sufficiently tight tec reject many
1~2erictions in the vwindows ftut it was necessarty -o
reduce triggers by the muon halo from decavs upstrean.

Jecause *he wire sPark charbels Jere sensitivae to

pairticles cover most of the 1.5 usec beam s3pill, thcse wires



in -~he region 2f =he unscactered beaa (i.e., between the
hzlves 3f the trigger coun-ezs 51 and 82) were desensitized,
For this reason the useful limit of {+] was 2.21 GeV2, The
upper limit, set by aperznures, was 0.6 GeV <,

The system couid accommodate up *» 10 particles per
expansion. At this rate there was an average of 2 sparks in
*hbe last plane and -—he computer firished scanning in an
average of 0.8 ms. In early runs, 10% of the spark chamber
*riggers required more than 2 ms *+o analyze and these were
rejected outrighz, Later impnrovemen-= reduced <his 1935 +o
only a few perceit.

Approximately 0.8% of beam particles triggerecd the
flashes, arnd of “he resulting film, 30% of frames contained
grod events within the fiducial volume, For the first n~
exposure in 1972, the bubble chaimber expansion rate was
2/3ec, Thrcugh the efforts of the SLAC Bubhle Chanher

Opverazions Group, this rate was increased zo 1l2/sec by 1974.

ITI. DATA AMALYSIS

TO obtzin the data sample to be discussed, the filnm
was 3canned for two and four prorg events in the fiducial
volume, Both normal and "directed scan" techniques were
used. 1In the direcred mode, *the spartk chamber data was used
to predict the posi*ion on the projected views of the

.rqgering track neir the huhble chimbher exis window. #ith

~his information, rhe scanners could reiect events occurring



accidentally along with a triggering event (real »or
spurious) ard fird real evei=s with improved efficiency.
usvents were measured on the LRL FSD and "Cobweb®
system, +he SLAC Spiral Reader ard conventional svstems, and
or the CIiT "pclly", Measurements were accepted for events
with a track matching ore fonund ir the dawnstrean
spectroreter. The matching procedure consisted of the
fcllowing steps: (1) Locate all possitle track projectjons
ir both herizental and vertical planes, and associzte these
using the 45" wire plane sparks a~ statioas 1 and 3. (ii)
Project all candidate trajectories and <heir errsrs to the
position ¢f the eveat vertex as measured on the film,
through the krown bubble chamber frinmge field. (iii)
Reject "spark chamber tracks" which fail +o match the
coordinates of the vertex and test the remainder for
compatibility of angles and momentum, selecring the bhest
match x2. (iv) Form a "hybrid track™ with production angles,
momentum and error matrix taken as the weighted average between bubble
chamber ard projected spack chamber measuremen=-s.

The "hybrid" track resultirng from this procedure

)]

generally had a2 momentum errnr of +80 %eV/c and angle errors
+ .

of the order #0.5 mr, In the m experiment the beam track

was also ma:iched to the upstream proportional chamber hits,

1:ing a4 procednre similaT T3 ~he downosresm marching,  If

the beam track wis compatible with the mean bean parameters,



the measurement was averaged wih tho>se mean values. This
resnlted in cocmpzrable errors on beam and outgoing fast
par-icle,

Each event was processed through SQUAW where 4C, 1C and OC fits were
made. For those events giving an acceptable 4-constraint (4C) fit, the 1C
and OC fits were ignored. Reactions 1-4 studied here are 1C fits. Only
1C fits with probability greater than five percent were accepted; cross
sections were corrected to account for this rejection. For ambiguous events
between a proton and pion hypothesis we selected the 'correct" fit by the
following criteria:

i)  backward tracks in the laboratory and tracks identified by &-rays

were called pions. Stopping tracks were called protons.

ii) if the questiomable track was greater than 15 cm the film

root mean squared deviation (FRMS) was used to select the
appropriate hypothesis when the A (FRMS) > 4 microns and

A(FRMS)
z (FRMS)

> 0.25
iii) fits with tracks having p > 1.2 GeV/c or dip > 40° were selected
by using the fit with the highest confidence level probability.
" After fhese selections, events remaining with ambiguous interpretations were
checked for compatibility with the predicted ionization, as obtained

automatically in the measuring process or as estimated visually.
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Zach event was assigned 3 weight properticnal to the
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of its geowre:rical acceptance, calculated as the
fraction of triqyer particle crbits traversiang active areas
>f ~he WSC's when the azimath for that par+ticular track wvas
rotated abcu: the heam direction. The average behavior of
the acceptarce is showia in Fig, 3 as a function of missing
285 and +. In a3ddi+icon, a correctiosn for the on-line
rejection of low missing mass evenws as elastics was
aprlied, The weight was finally divided by the tntal
exposure sernsitivity, ir even:ts/ub,

In order to determine the effective heam flux in both
experiments in a consistent way, we made use 2f published
elastic scattering cross sections, which are well determined
a+ our energies., 8 Periodically, *“hroughkout ‘fhe runs, the
missing mass requirement was changed to 3illow all elastic
events tO trigger. The resulting "elastic rolls" of film
were scanned and measured using the sa2ame criteria as for
production film. The elastic events found were used to
check that the event weigh*s obtainred from *he accepntance
calculation produced a t-distribution ccmpatible with that
from counter measurements, and ~he beam flux for elastic
rclls wes determined bv normalizing the cross secti»sn for
0.05 < jt] < 0.3 GeV +0 the published values.® The flux

f~or the erntire experiment was determined by multiplying the

"olastic rells"™ flux by +the ratic »f +he nianher ofF 111 2+



ard 4 prong ever-s vith missing mass abcve 1.4 GeV, to that
fcr elastic rolls only. By using this procedure we estinmate

‘ . . + -
that the relative aormalization between T and T exposures

is uncertain to about +87 (3% statistical error). In principle, all
inefficiencies in the electronic detectors and on-line event selection,

as well as in the scanning and measuring procedures, should be the same
in both experiments.

The fit selection process can also contribute to the uncertainty

in the cross sections. The contamination from other reactions is larger
at higher nucleon-pion masses and for decays with the charged particle
forward. 1In addition, the m and the t experiments were processed by
different groups. We estimate the uncertainty in cross sections between
the n+ and 7 data at +5% due to the fit selection procedures. In addition,
within each experiment the contamination and loss of fits is estimated to
"be less than 20% in any different mass or angular region.

The resulting sensitivities for -he 7t ana w” exposures
resvectively were 95 and 79 weighted events/ub, In both
experiments the weight averaged over all ever*s was about
1.8)., 4s discussed below, we estimate that an uncertainty

of +15% should be assigred %5 the absolucte cross sections.
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The selectizn of ﬂip -> ﬂipﬂ+ﬁ_ events by
4 constraint (4C) kinera*ic fits presented no
problems, Iz conutrast, the 7C fit channels ceould be
contaminated by elastic events failing the 4C fit
because elaszzic sca-:zers produced 15 *imes more
spark chamber triggers than the *(p7°) reaction,
75% of these were rejected by the computer rrigger:
the remainder had t» be excluded using the
measurements on film, Four constraint fits were
*ried on all 2-prong evernts, firs*t using the hybhrid
measurements, and +hen using only the butble chamber
vzlues., Abcount 5% of elastics producing spark
chamber triggers failed the hybrid fit. This
fracrtiorn can be explained by the %rigger track
interacting ir the bubble chamber windows or
spectrometer, Therefore "buhble chamber only" fits
were used tc exclude elas+ics. Finally, 0.4% of all
elastics failed all 4C fits, These were excluded by
a coplanarity test,.

1C fit even:s were selec*ted on *he tasis of the bhest
X2, after elastic events were excluded and ionization
selection applied. The quality of *he resuliing samples can
best be illustrated by the missing neutral mass (squared)
found for all candidates €£n5r reactions W+o - ﬂ+pMM and
T p ﬂ+ﬂ+ﬁx, 18 showrn 1n Fig. 4, Sirilar results vere

obtained for the 7 induced samples. WHe es+timate that abou+



10% of evenrs selec-ed 23 g092d 1C fi+-s will in f:¢% have
more than one neutral, while a similar number of single
neu~rals will fail the fi+, From +*he study o2f elasrtic fits
discussed ab.ve, we expect 5% c¢f inelastic even*s also to
have a bad measurement on either the beam or cutgcing track.
Hosé of these will still fi< *he 1C hypothesis, 211 these
ccnsiderations lead us to assign a3 157 error *o the absolute
cross secticns, while the parallel +treatament of n+ and w7
dzta allows a smpiller error *o be placed on the relative
normalization.

VI, QDETAIIED PR2 ES OF THE +(pm°) AND i(nn+) CHANNEL

to
b2
s
+3
b

A. ¥acy Spectra

ir Fig. 5a we show the nucleon-nm mass spectra for the

+(pr®) charnels for 0.01 <Jt} < 0.5 GeV¥2, Tvents in th

=

S

arnd subsequent plots are weighted as descrihed in

fha

ection

7]

(o]

IV. <Zrror birs are statistical only. There is close
agreement in both cross sec*ion and mass structure in these
reactions when integrated nver all the angles. In Fig. Sb
we show similar plo+s for zhe i(nﬂ+) chanrels. Here we
observe an excess »f 71 over n+ induced reaction cross

sectisns.,
ir Fig, €& we show the dipion mass spectra for the same

data for My _ < 2Gev. The M__ spectra for z(Aw) chainels are

also plutted for later reference, Here we see +hat

(W}

production nf 5, f, 37d 9 ressanavcoes are irnertane

CoL"lebnuzions %o those channels allowed by isospin.
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However, there is only minor overlap of dipion resonances
with the N diffractive enhancement. This is shown in Fig. 5,
where the general level of (Nr) cross sections with N%W< 1.5 GeV
are shown by broken and solid lines for the +(N#) and -(Nn)

channels respectively.

The p signal in the +(pn°) channel is more clearly
defined thar in the -(pw°) channel, This is because +he »p
in rhese channels 13 produced »pponsize a3 =zlow, wide angle
proton which makes‘the mass resolu+isn particularly

sensitive %o the anqular measureren«s of “he fast tracks.

»
Ui

define the

e d
]

Ir the . experiment the use cf wire chamhers
incident beam made a substantial iaprovement Iin resonlution
a* low wm mass., For higher dipion mass, the error falls
like M;% and soon beceomes less than the resonance widths.
Ir addi-zion the kinemaric overlap of ¢ produc~ion with the
(NT) low mass region is small and 5o -he ponrer resolutinn
in the m data should not affect that aralvsis.

The agreement between *(p7°) mass spectra (Fig. 5a) in
magnituyde and shape is no* surprising. Feferring *o
Fig. 1 (a) and (d), with the Pomercn rerlaced hy all
pds:ible exchanges, difference should arise from +he
irterference between I = 0 and 1 exchange, and
previous experiments have shcwn these terms
(2veraged over de 1y angles) +o be small.? For the

t
processes of Fig. 1(b) and (¢), ™ 7
+

]

scatterirg
cr>ss sectiens are ‘dentical, and T N crnss sections

are similar in the mass region impodsed Ly our curts.
- +
In the (n7 ) channels, by the same token,
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d‘fferences can be m9st reiscribly attributed +o the

. . + _+ + - _
irequality ¢f ™ ™ and T T zcattering,

de now form the averaje dzo/dMVﬂdt f~r positive and
"

neg:*ive bezms. This procedure his two vicrues: n

rC

interference between I = 9 and I = 1 exchange pIocesses will
cancel befcre zveraging over decay angles and (2)
staristical fluctuaziors decrease. In Fig. 7 we plot the

. . +
averaged cross sections (open circles) for (am ') and (pm°)

i

reactions against MNﬂ in four inrtervals of t. The data show
a very strong t devendence, especially at very low
.nucleorn picn masses.

in all +*hese spectra we see clear evidence of A+(1232)
production, which caarot be diffractive, e therefore

sub-ract it out, using da<a from a high statistics

experitent which scudied *he reactier
+ ++ +
T p > T°A > n°(pm ) {8)

at 13.1 Gev/c,!? and found Opt+t = 45 * 7ub . Isospin

[n]
Q
0
Ul

irvariance indicares that in reactions (1) ard (2) the ¢

section for
+ + + +
Tp > WA > m (pn°) (9
; : . + +
shonid be 4,9 +hit »f reacgtion (8), while far A > nm we

should find a factor 2/% aopnliea. Using the daza of Ffef.

(10) and a Ereit Wigner shape for the A+, wa =how the result
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of *he subtrac+tisn by closed circles on each sectinn o2f Fig.
7. |

This procedure results in the appearance of a
"shoulder" under the posizica of the A+, fnllowed by a clear
peaking at mass 1.35 Gev.!! This peak rapidly diminishes as

shes for (t] > 0.12 Gev2,

}._l .
o}

}*1 is increased, =2nd van
The rext most salient feature of the data showa in Figqg.
7 is the presetuce >f a2 peak at 1,65 GeV nass, fo2llowed by a
sharp drop a~ abou= 1.7 GeV., In this case, rhe effect shows
a comparatively weak t dependence,
Piznally we no:te that no clear miss struczure hetween
the .35 and 1.65 GeV peaks is visible in any of the

kinematic regions shown,

3. LComparison with TSR Resnul+s

A comparison of our ma3= spectra 1t Vs = 5.2 GeV with 21
closely related reactior at very high energv proves to be

verv irnteres-ing. The process
+
pp > p(nm ) (10

has been studied!? 13 u:.ag the CEEN Split field ¥agnet
facility of *the ISK. We have alreadv rerorted on *+he
. +

3trikeng sivilairity of the 10w 3ass (nm ) enhrncerent in

reaction (10) at Vs = 53 GeV and in our data.l“ Here we wish
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to repea*t the conpirison nusiing the newer ISE data at Vs =
456Gev,13 Ir. Fig. B8 we shcw our mass snectra, do/dM, averaged
between +(nn') and -(nn’) charnels, for 0.05 < fzf < 0.5
Gevz, superirpnsed upcn the spectra »f reaction (10)(upper
histograms) 0.05 < |t| < 0.8 GeV2, In both cases the data is
divided into forward (cosé > 0, Fig. 8b) and backward (coss < O,
Fig. 8a) decay angles in the Gottfried Jackson system defined
in the next section.

It is remarkable that these mass spectra are so
s:milar, despiie the factor 10 difference in %S energy and
the different projectiles involved. %Tor c¢o23© > 0 +he
smooth rise of do/dM with 1, followed by a sharp drop at 1.7
GeV, is almost identical. TFor cesO < 0 heth data show
enhanced mass structure; the effect &+ 1.65 GeV is
particularly striking irn similarity. 1In the ISR da*a a peak
a- 1.5 GeV is evideat: irn our data it is mnch less
compelling. However we will see in a later section that our
data also indicate the presence of a resonance a* this mass,

Centiruing the comparissn, we note from Fig, 8 that the
high energy daza show a s*rong forward asymnetry in *he
decay arngular distribution at 3ll masses, The 7wp data show
a similar bur less strong forward asvame-rv. Since in both
data sets the mass peak structure is so similar, this
s19g9ests tla+t 1t s the hackgroiand under tha preags which

produces the increased angular asymme*ry at high energy.
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Firally, vwe calculzte the "factorizatinn normalizedn®

cross section for the pp dz*z, as defined in Fef. 14:

doN(s) o(mp elastic, Vs = 5.2 GeV)

d 20 (ppelastic, Vs) (1
M do

cgu . . /
X T (pp inelastic, Vs)

This formula 1ses the elastic cross sec+tions to account for
the difference betweern vion-Pomeroan and prot»on Pomeron
coupling, as well a3 the s dependence of zhe Pomegon
propagatoar, In the spirit of factorizatior of Regge
amplitudes. The facrvror 2 in the denominartor accounts for

the fact that there are two vertices fror which a low mass
nn+ may be produced in pp cnllisions and only one in 7p
cxllisions. The normalized pp cross sectiosn is shown in

Fig. 8 (lower histogram). The comparison shows that the
overall cross section of the diffraction enhancement does not
follow the elastic cross section so that this form of factorization
is not exact.

C. -Angqular Distribu=ions

To describe the arngular distribu-iocn of “he (aw)

system, we define uanormalized mcments as follows:

m 1 m
= 12
Yo = e L viReY)(0,.4,) (1)
N7 events
where £ 15 -~he exporure zenzi-ivi=ty aiven pieviHusly, AM

Nw
is the mass bin width, Wy is the weight of the iFh event and
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0,,¢, are the polar ard azimuthal angles of ~he nucleon in
the certer ¢f mass >f the nucledn-sl>w 7 svstem, The angles
are defined 1n *the Gottfried Jackson system!® where the z

axis is taken along ~he directinon of the incident nucleon, y

is along the normal to the production plane,

o A > >
X
b Trinc 7Tfast
and {13)
X vy ox 2

The most significant moments ob-iained using Fg. (12)
are shown in Fig. 9. Here we have divided the dita into two
* bins, i.e. 0.01 < Jt] € 0.12 GeV2:z2nd 0.12 < {4} < 0.5
GeV 2, so tha: the 1,35 GeV peak will be dominant in the
first bin and relatively iusignificant in the second. A
production divides equally be%ween the %wo pins. Fiaally,
ve have superimposed the w+'and m induced results =o
accerntuete isospzn interference effects.

These data shnw a very comélex behavior. In arder %o
simplify the dizcussion we now give a qualitative
description of thnse features which appear consistently
through all rthe channels,
thé

1) A Iiterference efiect -- In +the rogir-on Of

A(1232) we observe that the Y% Yi, and Y; noments change
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with the charge of +the tean, Iﬁ the +(pm°) channel they
peak to pCSitiVé values ronghly a*+ the L aassz, and to
negitive values in the ~(p7°) channel, The effect also
changes sigr in goinag from prctor to aneutren channel, while
the magnitude is roughly conztant., Finally, Yg 11lsn
irdicites that interference is present, while the Yz
difference 15 consiszten+t with zero.

Ar analysis ¢f these A interfereace effects has already
been publishedl6 based on preliminary da+ta from this
experiment. There i1t was showlL that the data is best
explained by a model in which the A amplizude (I = 1
exchange) interferes with an I = 0 exchange 5 and p wave
background.

b) High mass regien -- For M > 2 Gev [(off scale in

N

s
O

Fig. 9), the moments tend show a smooth rehavior. For
lcwer £, this plateau is reached earlier. For m # 0 the
vzlues here are compatible wi=h zero, while for m = 0 they
tend to be pusitive. This behavior results from the strong
peaking of the angular distribution at © =9 in the

¥ channel helici-y systenm, which con*rikutes <o 31l m = 0
moments. The most likely explanation of such veaking is the
DHD effect diagram of Pig. 1h which implies 3 small

4 momentum transfer between target and recoil proton. This
teflects intos <he Nmocenter ©f macss svsterm a3 3 Deaking nesr

ccs® = |, becoming sharver as MNTr increases.
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+ - . .

c) 7The -(nm ) channel zt lcw t-- There is a general
agreemert il magui:cnde and sh2pe of -~he momen* dis<rihy«ions
ir the +(p7m°) chaunels for MpTTO > 1.4 GeV, There is also

+ . ,
gond agreement betweern the *(nm ) chanrels in the higher t
. + 2
irterval. The -(nm ) chananel for 0.01 < {={ < 0,12 GeV

therefore appears anxomalous in having mcment values

jo\]
fs7]

considerably in excess of their counterparts in the +(ar")
channel. This effect is probably atzrilkutible to the 7~
exchange DHD effect, sitce the ﬂ+ﬂ- scattering crouss section
iz larger than for n+wﬁ

d) Forward bhackward asyaretry =— The 2= 1 moments
give a good indication of the behavior cf the foarward-
backward asymmetry In *he decav angular distrihuzion
referred tc in Section VI-3., There we noted +that the general
forward asymmetry, observed in both data sets, was
considerably stronger in the ISR pp data (see Fig. 8). Here
we wish to poinrt ou+~ *that the forward asymmetry is replaced,
in our data, by a s=ronqg backward asymme*Ty for My < 1.5
GeV and Jt] < 0.12 GeV2, ~his is observed in the Y? moment
of Fig. 9 irn the *(p7°) ard +(n%+) channels as a1 smaoth dip
t¢ negative values i the region of +the 1,35 32V mass peak.
I~ the -(nﬂ+) channel, Yg does not actually go negative
here, but appears to have a negataive dip superimnosed upon
1 lerger pos.tivae pacrkaronnd chan foand in the Sther

channels.
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e) Irterfeccence patterns -- We now poiut out what we
feel to be the ﬁvs: sigrnificant eviderce f9r ressanrance
interference pat-erns in Fig, 9. We direct
a*tention tc the rapid rise in YS at 2% = 1.5 GeV in the
i(nﬂ+) channels, It is unlikelv +ha- anything bur a phase
paissing thrcocugh resonance could produce such i sharp effect.
This rise 1z less sharp in +he *(p7°) channels. VNex*, we
ncte that Yg shows two peaks, at abtout 1.5 and 1.65 GeV, but
shovs rc¢ structure at 1,35 GeV., Finally, what appears to be
1 resdonance .nrterference patzern in Yg and Yg appears at
about 1.7 GeV while anosther occurs in YS at 1.5 GeV. YS

shows an irdistinct rise at 1.65 GeV, tut it is not clear

whether this zhould be associated wizh the veak at ~ha+

i)

m2ss, or considered part of the pattern centered =t 1.5 GeV.

In the moments with m # 0 we find some evidence far

componerts of the production amplitudes do not conserve

t channel helicity. These terms appear <52 be rather small
compared to the m = D sigrals., when the moments were
plotted in the s-channel helicity frame, *hem # 0 nonments
generally became very large, Since -“he helicity stracture
is relatively more simple in the t-channel trare, we shall

con*tinue to use it far analvsis.
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D, =-derendercies

Figure 10 shows the + Adependence of *he cross section

for all four chaanels and for six mass tins. The mass bins

-
0}

were chosen 50 that each con+-ains one »f 1 feazures of the
moment distribution mentioned in Section VI T, The well
krown mass-slove correlation is evident here, The so0lid
lines are the result of fi-s assuming a rure expinential
dependernce eBt. In1 the lowest mass bin the A+ was
subtracted before fizzirg, as explained telow,

At low N7 mass, the d2¢/dMdt is well described by the
exponerzial in t; for higher masses 1 fla~*ening of the
distributicn et low t is observed. We alsc note that the

13,17' is

dip at {t] v 0.2 Gev2, renorted at higher energies
weaker here, or abzent. More quanti*ative resulits will be
given 1n Section VIII-C.

In the irterval 1.15 < MpTro < 1.3 GeV we have
subtracted the A+crmtribution. This is iliustrated by

Pig. 11, where the average do/dM dt for reactinn (1 and (2)

pon

is shown together with the A distribution expec-ed in the
interval, based on the data of 3charenguivel et a2l1.10 The
sub=-racted dis*ribution shows an exoorential shape with
slope parameter!B =12 * 9.5 GeV 2. The fiv“ed

non-A exponential distributior for this mass bin is also

zhown 1 Fig, 10 hy 4 broker liue,
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We now consider the t-doarendence of the interference

roments Y0, Y! aid vl of =he A wi*h -~he backaround. These
1 1 2

are obtained by pnlotting one half the difference bhetween

+(p7°) and -(pr°)moments in “he A izrterval 1.15
< Mp o < 1.3 GevVv . Figure 12 shows <Y$> dg/dMat for
m

rhere momern~ts pluo-ted zgainst +.

-3

he hist~gram show3 the
expected A saplitude (square roct of doA/dt >bhtaired from
Ref. 10) with arbitrary normalization, If we assnmed that
the A+ i35 produced via *the S=modnlsky Sakuarai (s95)
mechanismla, we would conclude that “he strong t denendence
in the 2 = 1 moment reflected that of the backyround
amplitude. However, an alternazive in*erpreta*ion is that
the A+ develops u strong helicity non -flip component at
small t, as has bheen suggested by Krimmer and “aor.l?® We
will term this the KM mechanism.

The Yg and Y! moments show verv similar behavior and a»
uct turn over at small +, This confirms ~he obhservation of
Scharerguivel et al.10tha+ +he A amplitude has no £orward

dip. It al

4]

o suggests tha* the s-wave background 1s finite
Y

at small t. The Y!

distribution, on the other hand, does
dip in the forvard direc-ion. Urder *he assamption of the
SS mechanism, this suggests “ha+w the p wave hackground has 1
forrwvard dip; in the KM view, the dip would be cansed hy the

telicity Liilp auwpli-ude f2lling to zero i the forward

d: rection.
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E. The 1,35 GeV Mass Peak

The peak in rnucleorn-slow pion mass 3t 1,35 GeV, shown
in -Pig. 7, has been nhserved ir previous experimenzs,! bux,
because of i1te strong t-dependence, has nc* been clearly
resolved. A peak with similar t~dependence his been
otserved recently in n - p collisions at 52 - 300 nevV/cJd”?
No evidence Ls zvailazble on its persistence 2t ISR energies
ir pp collisicns because of cuts in that daza due o
icceptanced3

from Fiq. 9 we have ohserved from the YS roment that
the decay distributicn irn this region has i strong backward
asymrpetiy in the = channel frame., We now explore =zhe
t dependence of the asyrmetry., In Fig. 12 we show the Yg.
Y;, and Y; mo>ments against * for the reginn
1.3 < MNTT < 1.45 GeV, a) for the average of +(pw°) and

-(p7m°) (open circles), b) for +(nn+) (clcsed circles) and o)

+ . - .
for —=(nm ) (crosses). Here we ncte i marked similarity

]

+ . . . . .
betweern *(pr°) and +(nm ) distributionsz, especially in +he
) . . : +
negative excursicn in Y? at small t., The -(nv ) channel

alz> shcws a shatp drop in Y? at small *, superimposed on a

larger backgrcund which presumably peaks at t 0.
The in*erpreta-ion of the 1,35 GeV mass peak as a

reso2nance is highly improbable., #We a=+temp- to show this by

v
&)
©

following rTei3oning:
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l. The absence of a signal near 1.35 GeV in momeats
with 2 2 2 sugqests that the rescnance there can he only s
Oor b wave, The Yg signal would then be interpreted as
interference between s and p waves, one from the resoaance,
the other from *he background, as in “he case of +he A
irterference pat-erns,

2. The backgronunds, 1s analysed ty A interference,
show an I = 1/2 characteristic, i.e. are twice as strong in
the (nn ) as in the (pr°) channel. The suorosed
interference (YS o»f Fig., 9) gives egual signals in +(pm?°)
ard —(P7™°) charnnels, so “hat both resonance and background
wvould have to have I = 1/2 if excited diffractively.

3. #We therefore wculd expec* twice the Y? siqgnal to be

. 0 . . + .
frund in the Y1 moment in the (nm ) channels., In conrtrast

or

> this, we note from Fig., 13 and Fig. 9 that the signals
are avproximately equal, assuming a srooth behavinr of the
background az small *,

The gererzl forward asymmetry £-ound in the data is well
explained by the "-exchange LHD effect diagram of Fig, 1b.
The reversel of this trend at the 1.35 GeV mass peak is then
moS* reasoRably zstributed tco the barvon exchange DHD effect
diagram of Fiqg. 1c, which is expected to produce a backward
peakingl, once resonance excitatisan (Fig. 14) is excluded.

However we have ftound oo caileunlarion »f “his conzroihution

which produced the required sharpness of *he peak, the slow
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rise from the nuclenn-pion <hreshold, the + dependence, and
*he steepness of the backward peaking.

We will describe mcre of the characteristics of this
mi33 regior in Section VIII-R,

F. Discussion of the Irnterference Patterns Abhove 1,45 5eV

As acted in 3ec*tion VI Z (e), *here a2are sirong
indicatiors in the moments for M > 1.45 GeV “hat

N

res>nances are being excited diffractively., There are two

mass values (a* least) where the pnhase of particialar waves

are changing rapzdlys i.e. My = 1.5 Gev and Mg = 1.68 GeV.

The best candidates for the two major rescnarces are
the D3 ard Fs NT resonances. These are allowed by %he

2 2 )
Morrison Gribov (% G) rule O that in diffractive production,

g -1

spin and parity should be related by P = (-1) 2. We wish
to test the rule by looking f£or evidence of waves with +the
oppnsite relution,

The angqular distribu<ions, in terms of 3 par+tial wave
aralysis, to be expected irn cur reactions have bheen

21

calculated by Silver. The reader 13 also referred to

N x - . - N 2
applicaticrs of explicit formulae in the literature.?2’2°
For our purposes we have f-und it convenien* ~»2 define
production asplitudes £ (Mg »t) for the interzediate states

vhich decay irto an Nmsystem with angular momen*um 2. l:=

S,F,D¢e. 1 the usunl 3pectitsScipy notatindn for 2, ind +he
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subscrips T = K for the "* 6 allowed" stites with J = £ —
172, T = A f£o2r ~he "inti rule® ztates with J =42 + 1/2,

We also assume * channel helicity conservation (TCHI), The

-4 It 4 /
do/dM _dtda = (4m) Z ¥0(0,0) Y S BL(‘CT’IT')L;‘IT'
allatT:IT/

~L =
= (4m) * Y0 (e, A 2
o @)l da @ e lg
T .
? * ¢
+ i,Zd AL & dps) 2Re L L7, (14)
T T
vhere the ordering lSSA 'PM 'PA' DM etc. The

ccefficients AL’arc given in Table I.

The fact that only Yg's with M = 0 appear in Egq. {(14)
is a2 result of assuming exact TCHC., However, as was pcinted
out by Eushbrooke et al23, if we assume non-TCHC amplitudes
arve present with magnitude a fraction ¢ 2f *he dominant TCHZ
wave, they will induce a Yf signal (M # 0) »f 0(€) of the YE
sigral, and modify the Yg signal bv a term 0(e?), Judging
by *he telatively small M # 0 signals apraren: in cur data
(see Fig. 9) we expect Tg. (14) to be a gond approximation
if we look for resonance signals ahove background.

In Eq. (14) we have exnlicitly separated interference
sigrnals mZRth:l:T,) frcm those aﬂxmjz. This wis done
because the MN7T dependerce of interference near a resonant
vilne will Pe eanecially framatic {(if nresers a% 211) while

the direct U:le dependence may show only 31 broad pneak., VWe
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also note that, if a1ll terms in Fg. (14), proportional to

*
A
collected, the signals in differert L's fkear a £ixed

oie pair ¢f interfering amplitudes, e.d. 2Re (P DM) s AT

telatiouship given by Table I,

If we wish -2 assign FM ~0 the 1,68 GeV resonance, we

find the absence of a positive YO peak of 4/v5 the v0 value
4 2

disconcertirg. The Y0 sigrnal might arise from an DyFy
3

interference, bu* rhis requires a parallel Y0 =ziqgnal of
1

opposite sign to that observed, We alsc ncte that the

presence of 2 YV interference signal indicites tha* even

0
6
higher waves than showa in the table may contribute
strongly. Finally, Yg shows an aromalous behavinr in the
-(pn°) channel at 1.68 GeV, suggesting that T = 1 exchange

als> contributes here.

We may see from Table T *hat the assignmenz of D i.e.

1L

state) at 1.5 GeV gives the Y0 peak, and allows the
2

N

presence of P, to explain the Yg interference signal. The

Y0 irterference =ignial reguires D, ot GM (the la<ter however
N [

requires ar ever larger YV interference *erm)., The sanme
2

v&35ult comes 1f P, is substituted for D

A S, for P, and F

M’ TA M M
LD, ir. 211 such configqurations some ¥~G vinsla*ing

asplitudes are required.
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TT AN +
VII. pEaciIane w»p o oF -

We now consider the reacticns

'n’ip -> ni'(p’n'""rr") {15)

Iirn Fig, 14 a and b we show the mass Moppte— s
recociling against the fast fcrward m¥ triggering
particle by open and closed circles. The
distributicrns are dominated ty a tkroad reak at akbcut
1.7 GeV which has been reported by uafy rrevicus
authors in these and other reactierns.,2% 1n
particular, the pntr~spectrum hes becen chserved in
pp collisiors at ISE energies?® +o have
substantially the same share as sheown here,

Ir Fig. 14 ¢ and d the prnt pass distritution is
shown by cren and closed circles, These indicate 2a
strong A++(1232) ccrronent is present, The crcsses show
the ﬁpﬂ- distributions, indicating that the A peak is not
a kinematic effect. We define the A by a cut, ¥ o+
1.34 GeV, and estimate *that akout 2%5% ncn= A backagrcund
will be included by the cut, Firally, the ¥

HYAw
distribution is showr ir Fig. 14 a and L by crcsse

n
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VIIT. (CCHPAFISCH CF p, n and A FINAL SIATES

]
[

rt+

A, Mass=Slcpe Correlaticn

O

We now investigate

ot

he rass-slope corzrelatior of the
diffractive ertancerent for *he *(Nw) ard #(An) chrannels.
For this study we have fitted the do/dMd* distritru*icn
for mass intervals cf 20 ¥eV to an exponertial formreBt,
selecting the troades* t-range which car te descrited by
this forr, In Fig. 15 we show the results fcr the (N7)
and (A7) chanunels cerarately,

Frcem this data we make two ckservations. First, the
systematic increise in slope as mass decreases breaks off at
akout 1.35 GeV in the (Nm) channels, rerains ccnstant, and
resumes rising belcw the A (1222) nmacss, #hile muct »f this
is related to the preserce cf the rondiffractively produced
A, the width of the rlateau is too areat and the amaount of A
production is too srall tc explain it ertirelv,

Seccrdly, we observe that, at a given riss, the slope
in the (A7) channels is systematicallv higher thar the slcre
in éhe (N7) channels tv about 4 units(Gev=2) ip tie nt
induced reactions and about 2,5 units in the 7~ ipduced
reactions, This indicates that a* least part of *he

observed diffracticn bump must be produced ty a mechanism in
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which the "decay" is not independent of "production'. We

2% jnvestigating inelastic meson

note that previous authors
diffraction have found that '"the slope of the do/dt
distribution is determined by the invariant mass
produced, irrespective of the kind of particles

carrying such masses',

B. Representation of Decay Nistributions by lsocline Plots

The previous discussions of the properties of
diffractively produced systems has suggested that,
although resonances are present, they do not explain
the dominant features of the data, |In that case the
moment distributions presented may not give the most
useful description of the data.

Furthermore, there has recently been renewed interest
in double-peripheral calculations, stimulated by the
(relative) success of Ascoli et al.2?7 in explaining the
reaction np > (3m)p by the Reggeized Drell-Hiida-Deck model,
and by experimental data on nucleon diffraction 17 26,
Miettinen! has suggested the use of '"isocline plots", where
the (0,¢) distributions are replaced by contours of equal
event densities, to locate contributions from these
processes,

The technique we have used to produce such plots is to
evaluate the moments defined by Fq., (12) up to 2 = 4 and m = 2

and use the resulting mathematica)l representation to find



the isoclines2® in the interval 0.01 < [t| < 0.5 GeVZ2,

Here we shall show only the nt beam results, since the =~

data is qualitatively the same, and because no significant

azimuthal asymmetry was observed, we have folded the data

about ¢ = 0. Owing to the use of 2< 4, the results are

smoothed in a manner appropriate to the analysis of Miettinen.1
Figure 16 shows the plots for the two lower mass intervals,

1.08 < My, < 1.3 GeV and 1.3 < My, < 1.45 GeV. The isoclines

are labelled by the event density 8ndo/dMdqe in mb-GeV'l,

The peaking seen near cos6=1l, ¢ = 0 can be attributed to the
m-exchange DHD process of Fig. 1b. Since cosé is linearly
related to the 4-momentum transfer squared from target to

nucleon Az, the cose distribution directly reflects the A2

distribution in n exchange. ¢ = 0 corresponds to the largest
M, . which can be achieved at fixed 6. High M__ values are
enhanced by the © exchange process and are concentrated

into the low My, region, resulting in low ¢ values being

favored. 1

" The backward peaking in 6 can be seen best in Fig. 16 c and d.
It shows a comparatively weak ¢ dependence. These distributions
compare well with the patterns expected for baryon exchange,
when nuclear spin is taken into account.’’®This is strong,
though not conclusive, evidence that the mass peak at 1.35 GeV

is due to a baryon exchange mechanism.
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The effects of the A production process can be seen in
Fig. l6a and b, where the Stodolsky-Sakurai distribution,
l+BSinzesin2¢, fills in the center of the plot, and the
iﬁterference term mentioned previously change the forward-

backward peaking considerably.

In Fig. 17 we present the isoclines for the higher mass
intervals shown, and include the + (A++n_) channels for

comparison. Compared to the previous figure, we see that
the m exchange peaking is much sharper now, as the range of

2 in the plot is greater, but the integrated effect is

A
much less. The backward peak continues to fall with
increasing mass in the Nrn channels. However, we note that
no very strong backward peak appears in the Anm channel until

we reach the interval containing the 1700 MeV peak.
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c. Correlation of Mass with Decav Angle

A complementary method to study the double-peripheral mechanism
and presence of more than one exchange is to study the correlation of the
production slope with the decay angular distribution (Ref. 29 ). The authors
of Ref. 17 claim an observation of a cross-over effectin do/dt with
the sign depending on whether the pion- or the baryon-exchange was enhanced.

In order to study these questions in detail, we present in Fig.18 the
"reaction-mass-slope~decay correlations': the mass-spectra and the mass
dependence of the production slopes are plotted for different reactions and
four regions of the t-channel polar angle O.

The amount and complexity of information on Fig. 18 precludes any simple
discussion; much further work will be needed to explain the observed correla-
tions. Here we shall limit ourselves to several remarks:

1) Any difference between the plots from reactions differing only by
the charge of the beam particle must be due to the interference between
the I = 0 and I = 1 exchanges (ignoring the I = 2 exchange, and the production
of the meson resonances, which however could be described in terms of exchanges
as well). We observe such effects in the A(1236) region [mainly in the
final state nt(pw°)], in the 1500 MeV region [mainly in the final state
ni(A++n—)], and in the N*(1700) region [mainly in the final state wi(nn+)];
see Fig. 18,

2) In the final states ni(pn°) and ni(nn+), we observe, at a given
mass, a strong dependence of the production slopes on cos®, especially in the
mass-region of 1.2 - 1.5 GeV., A similar, even stronger effect has been observed
in the reaction pp - p(nw+) at the ISR (Ref. 13), and is qualitatively

predicted by the double-peripheral model.



3) 1In general, the slope-mass correlation is much stronger in the
backward than in the forward region of cos9; the two extreme cases being the
decrease Qf the slope by N18 units over a mass range of N500 MeV in the
backward region of the reaction m p - n_(nv+) and the nearly mass-independent
slope in the forward region of the reaction m p » 7 (pn®). It is also interesting
to note that the slope for the reaction U+p > n+(d++ﬂ—) levels off at a relatively
large value of v 9.0 at large m(Aw).

4) We do not observe a simple change of the sign of the crossover in
the reactions nip > wt(A++n_), when the pion-exchange (cos® > 0. ) or the
baryon exchange (cos® < 0 ) is enhanced. Attempts to enhance the different
exchanges by selecting regions of the azimuthal s-channel angle (the method
used by the authors of Ref. 26) also failed to reproduce the reported effect.

5) Besides the A+(1236), the other substructures observed in the data
are in'the 1600-1700 MeV region, and there is a poorly defined structure around.
1500 MeV. The 1700 MeV region is especially interesting: it seems to contain
contributions from several states, including a narrow peak at ~1700 MeV
(see e.g. the backward part of the reaction W+p -> w+(A++w_) on Fig. 18).

There are 6 established baryon resonances in the 1650-1700 MeV region, but the
width of the narrowest of them is greater than observed here.

Evidence for a narrow object at 1700 MeV was already observed at 3.9
GeV/c in the backward produced (pw) system in the reaction n-p +> (pﬂ-)w,

- - + - 31
and in the reaction 7 p = m (pm 7 7°).
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IY CONCLUSTI_NS

We have presented the data from cur hiqgh statistics
Hybrid pubble Chaimber experiments a* 14 GeV/c. These data
reveal a very complex behavior which cannot he explained by
ore dominant mechanism. We have therefcre p;esented the

data itself ard limited our discus

4]

12ns 7o 1its3 gqualitative

asgpects,

We have observed a brozd mass peak in the +(nm)
channels at 1,35 GeV., Its isnspin 2rd decav characteristics

make it unlikely =c be due tc resonance praducticn.

Sharp changes with MN1T observed in the moments »f the
decay engular dis=ribution at hiagher masses indicate the
production of resonances, However, these cannot be
explained by introducticon of amplizudes obeying only the
Gribov- ¥orrisor rulel2?

de find tha+t <he mass-slope correlation in our data
depends on the particuler firal state, in contrast to the

resul~s obtaired in diffrac*ive boson prcduction.
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TAELE 1

Coefficients AL( LT s L%,)in Tg. {(14) for various

irnterfering intermediate states, assunirg helicisy
couservation in producticn,

Fignre captions

1. Diagrams of *he exchange frrocesses expecrTed tco

contribute to the diffractive low mass enhincement in

rroton dissociation:

(2) baryon exchange direct nucleon pole

(P) pion exchange DHD effect

(c) baryocn excharnge DED effect

{d) nucleon rescnance production
2. Layout of the hybrid buttle chamher systenm.

3. Average geoamretrical accertance of the svstem as a

function of missing mass and t,

4. Missing mass squared calculated for inelastic two prong
evants ccmpatible with the reactions (2) ﬂ+p + ntpMM

4 + + . . . : - - o 1 .
{(b) »7p » 7w w'MM, after iorization selecticn. Single neutral

miss and multineutral threshclds are shcwn bty arrows.

5. Nucleon-pion invariant mass spectra, weighted for
. + . -
acceptance, found in the T (cpen circles) and 7 {closed

circles) experiments £27v the 1o

e
- € B

+
tians (1) mop o+ 7w (pm°®) 1.4

~
Y

{b) ﬂip + ¥ (art). Solid and broken lines show the wn- and

data respectively for M . < 1.5 GeV.



6. Dipion mass spectra for the six reacti~sns considered,
The t cut is the sanme as for Pig. 5, and MN“ < 2 GeV.

+
7. Average do/dM_ dt for T p > nt(pr°) ang 7ip > wi(ant)
ir four t-intervals (open circles). Clczed circles show the
resulr c¢f subtracting the krcwn A* contrituticn in each

case,

8. (a) Average do/dM_ 4 for ntp > ¥ (n1t) (closed
circles), with 0.05 < Jt| < 0.6 GeV?, ortaired in *his
experiment, compared to that for pp = p(art) a1+ Vs = u4s Gev,
0.05 < Jtf € 0.8 GeV , cos @J > -0.G6, ck*taiined 1+ the ISR
(fef. 13, higher histogram), for tackward neu“ron decay
angle in the t -channel frame. Brcoken line indicates a mass
cut-off imposed on the ISF data by accertaince. The lower
histogram shows the "factorization normalized" crcss section

defined by Eq. 11, {b} Same compariscn for forward decay

neutrons,

9. Unnorwmalized mcments of the nucleon decay anqle, in *the
t channel frame, fcr the reactions and t intervals shown,
mt beam results are shown by open circles, 7~ by closed

circles.

10. t distributions for varicus M reqgionrs indicated at

N
right, fcr the reacticrn channels shown aktcve, S01id lines

Bt

irndicite the e deverdence, troker lirnes zhow *he saine

after AT has beer subtracted.



11. 1I1llustration of the composition of the lowest mass bin,
1.15 < Mpw° < 1.3 GeV, for the average do/dMdt for

m¥p > wi(pn°). Crosses show the data of Ref, 10 multiplied
by the isospin factor 4/9, and the open circles show the
result of subtracting this from our average data (closed
circles). Note that the slope of the solid line fitted to
the open circles will be strongly dependent on the relative

normalization of the two experiments.

12. Interference moments of the A with its '"background" as
function of t, obtained by subtracting moments for
#Tp +» w (pr°) from gty > xF(pn°) moments in the interval

)
1.15 < Mp1T° < 1.3 GeV. Histogram shows (dqh/dt)é'From Ref, 10,

13. Moments Yg, Yi and Y; as functions of t in the mass
interval 1.3 < MN“ < 1.45 GeV, i.e, the 1,35 eV peak. Open
circles show the average of nip -+ ni(pw°), closed circles,

atp » xt(nr*), and crosses, 77p » w”(art),

14, (a) Invariant mass Mpn+n_ for the reaction

atp > v+f(pn+n‘) before the A defining cut (circles) and
after the cut (crosses), (b) same for 7~ beam, (c) Mp“+
for the data of part (a) with Mpn+n { 2 GeV (circles),
showing the strong Att signal., Vertical 1line shows the
cut position used., Cr sses show Mpn_, which shows the

peak is not kinematic in origin, (d) same for 7~ beam.
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15. '"Mass-slope correlation", showing the slope parameter
b, assuming do/dMdt ~ eBt as a function of recoil mass, for
the average of (pm°) and (ntt) channels, and the (Am)

* experiment, (b) for =~.

channel, (a) for the =
16. Isocline plots, i.e. contours of equal event densities
against cos © and ¢ in the t-channel frame, for the two lower

recoil mass intervals and reaction channels shown, obtained as

described in the text. Contours are labelled by the density in

mb/GeV, as obtained in the interval 0.0l < |t]| <0.5 GeVZ,

17. 1Isocline plots for the two higher mass intervals
shown and including the (Awr) channels, labelled as in

Fig. 17.

18. Mass-slope correlation. Cross section (left scale)
and slope of the exponential t-distribution (right scale)
as a function of invariant mass, given separately for nt
and 7~ incident beams and for different regions of the
t-channel polar angle 6. a) pn° channel; b) nn+ channel

and c) 25 chanmel.



TABLE 1

Contributions to moment distributions for various interfering resonant states,
assuming helicity conservation in production. For notation, see text.

Interfering Yg Yg Yg Yg Yg Yg
States
SASA or PMPM 1
1
S APM —/§
2
S AP s OF PMDM /3
P\Pp OF DyPy 1 /%
2
§,D,, or PPy -/3
3
S,D, or L /3
§,F, or L 0 /7.
3
8,Fy oF P LA 0 -‘/7
3 .
P,D, or D\ Fy 5/2 % ‘,g
1A
P Dy -'5"/5 _g/%
8 1
D,D, or F\Fy, 1 ?/3 %
P F r DD —1 2
AM°F YAM 7'5 -7/6
2
PF, or S AGM 0 -3
P,F, or DG, -_97/% —;T/z
1 , 1 50,1
D,Fy 353 35 1 11
11 2 572
D,F, or P,Gy 0 3/_7. ”§/i1
6 23 10 -3
r‘ — — — —— w—
D,F, or Fgoy 7 3’/7 21 ’/11
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