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ABSTRACT

We present cross sections for coherent and non-coherent production of one, two and
three pions in pd reactions at 19 GeV/c. The mass distributions of the two pion non-
coherent channels are studied. Strong single A (1236) and also some double . pro-

duction are observed. Clear evidence for p production is seen.
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1. INTRODUCTION

In this paper we present some results from a bubble chamber study of one . two and
three pion production in pd reactions at 19 GeV/c, obtained from f-prong and -
prong topologies. This ivestigation represents an extension to pn vl <cherent pd

reactions of our varlier studies of pp reactions at 19 GeV/e 1
Some results based on parts of the sample have been published earlier ~2 .

The combination of pp and pn data at the same energy offers many advantages and
. W possibilities, e.g. a sufficient cumber of charge changels are available to
isulate the 1sospin content of the amplitudes for single pion production " za .

The plan of the paper is the following: Section 2 contains the details of the experi-
mental procedure; the data processing, the treatment of ambiguitics and the isola-
tion of data on free nucleon scattering. In sectior 3 we evaluate the channel cross
sections, the vorrections applied to obtain free pn cross sections and a discussion
of the energy dependence of the various cross sections. In section i some general

features of two pion production are preseated.

2. EXPERIMENTAL PROCEDURE

2.1 Data processing

The data presented in this paper are based on a 200 000 pictures exposure of the
CERN 2 m bubble chamber filled with deuterium to a proton beam of momentum
19.1 GeV/c. The film has been scanned for all three-prong events and for four-
prong events with a spectator candidate, i.e. a heavily ionizing track stopping in
the chamber with a projected length less than 22 cm. In part of the sample we have
scanned and processed the full 4-prong topology. The film was double scanned with
a combined scanning efficiency close to 100 %. The events recorded (50 000 events)
were measured on the Danish-Swedish Spiral Reader {37 and processed through
the filtering programme POOH and the standard CERN THRESH-GRIND-SLICE

chain of programmes,

80 % of the recorded events were successfully measured and processed through the

programme chain,




The events have been fitted to the following channels:

W ppp " 1)
-0

pd —ppp " (2)

pd ~ppnmn 13)

od ~pdmw (4)
L -0

pd ~pdm o n 3
+ -

pd ~ndrwrwsy i6)

In GRIND the unobserved positive track is treated in the standard way, i.e¢. an un-
observed proton track is in the fit assigned starting momentum compobpents

= = .37 = Vv
P, py pz/i 37 = (0 +30) MeV/c

and with twice these errors for an undetected deuteron recoil. This procedure is
reasonable for a spectatorlike particle as the undetected proton is likely to be. Also
for a deuteron recoil the procedure is found to be an acceptable way of dealing with

a particle having too iow momentum to be detected in the chamber (4], see also

section 2.2.

Reactions (1) and (4) correspond to four constraints fite for 4-prong events and
pseudo-4C fits for 3-prong events. The other reactions are likewise fitted as 1C

and pseudo-1C fits. Multineutral hypotheses (0-conatraint fits) have not been tried.

In the kinematic programme we have applied a xz-probability cut-off of 0.1 %, and
1 % for the 4C and 1C hypotheses respectively. Of the kinematically acceptable hypo-~ 1'
theses only those consistent with the observed track bubble densities were retained.
We also required the fitted momentum of the faked positive track to be consistent
with not being observed. In addition, the following criteria were applied to all

hypotheses in order to reduce the number of false fits:

iy There should be one baryon in the forward hemisphere and two (or a deuteron)
in the backward hemisphere in the center of mass (CM) gystem.

iy The laboratory momentum of " and #° mesons should be less than 12 Gev/e.
The momentum of "u mesons should pe less than 12 GeV /¢ also in the beam

rest frame.,

itl)  The laboratory momentum of a deuteron should be less than 500 MeV/c.




iv) A four-constraints hypo'hesis is accepted over a one-constraint hypothesis
except when there is a competition between a 1C coherent hypothesis and the

corresponding non-coherent hypothesis.

Criteria (i) and (i) are justified by observations in our pp-reactions at 19 GeV/c
“17 anl in other experimerts at comparable energles. Criterium iiii) is applied to
remove false fits with a high-momentum final state deuteron. Due to the deuteron
form factor such readtions are very unlikely for deuteron recoil momenta above

500 MeV/c which corresponds to a four-momentum transfer squared to the deuteron
of around 0.25'((}e\'/c)2. From fig. 2, which shows the distribution of t' = "-,l—tmm'-

to the deuteron of reaction (1), it can ke seen that criterium (iii) hardly excludes

any fits to coherent reactions.

The preference of a 4C hypothesis over a 1C hypothesis is considered to be a
standard procedure, but its reliability is reduced in the case of an undetected
charged track (pseudo-4C fits). Because of the small binding energy of the deuteron
there will at high energies practically always be a good fit tv a non-coherent hypo-
thesis if the corresponding coherent hypothesis is acceptable. In this case the

preference of 4C hypotheses is questionable, in particular for the pseudo-4C fits.

2.2 Treatmemt of ambiguities

The procedure described above resulted in a total of 18000 accepted hypotheses
corresponding to 12000 events. We have excluded from the sample, events with a
fitted momentum of the slowest proton above 350 MeV /c in accordance with the
range cut used at the scanning stage. 75% of the events fitted on hypothesis uniquely
while 23% and 2% of the events had 2 and 3 acceptable hypotheses respectively,
"internal ambiguities” included. The term "internal ambiguity', as opposed to
""channel ambiguity", refers to interpretations corresponding to the same final state.
The internal ambiguities, which represemt ~ 30 % of all ambiguities, do not affect

the calculation of channel cross sections.

The ambiguities are of essentially two types; the first type occurs between a
coherent channel and the corresponding non-coherent one because of the low

deuteron binding energy, and the second type arises from a competition between a




prot.n it pion mass assignment of one or a pair of positive tracks leading to
either o vnannel ambiguity” or an “internal ambiguity”.

2.2 Uoherent, non-coherent separstion

For nen-coherent reactions. ¢.g. pd — ppnﬂ*ﬂ— there should be neither a correla-
ticn between the direction of a slow proton and a slow neutron nor a sharp enhance-
ment 1n the M.pn) mass distribution near the deuteron mass. If on the other hand a
trulv coherent reaction gives a fit to the corresponding non-coherent hypethesis the
proton and the neutron are expected to be predominantly co-linear and the mass
distribution Mpn) for such hypotheses should show a peak at the deuteron mass, In
addition one expects from range-momentwn relations of the proton and the deuteron

hat the r1tio R = Plab Ps) / Plab (n) should be about 1.5 [4°.

In fig. 1a-c we aave plouted the distributions of ‘.\l(psn), cosh

R = p.
pmb

shaded regions orrespoud to those events which also have an acceptable fit to the

lab (psn) and

* -
&ps)/P._Fbm) for 1-prong events {itting the reaction pd ~ppn#s w . The

coherent reaction pd - pd ﬂ‘ﬂ-. As can be seen, the clear enhancements around
the values indicated above consist almost exclusively of events with a possible
coherert interpretation. The events with no acceptable coherent hypothesis exhibit
a fiat angular behaviour (fig. 1b), also in the region of the coherent peak. We con-
clude that the great majority of the 4-prong events, havipg both a coherent and a

non-coherent interpretaticn, are really coherent reactions.

The .\1<p5n) mass distribution for the 3-prong sample, fig. 1d, shows a similar peak
which is somewhat broader as expected. From a study of these and other distributions
we find it reasonable to keep only the coherent hypothesis for those 4-prong events
for which M (psn) < 1,887 GeV. We use the same cut for the 3-prong events but we
keep both the ccherent and the non-coherent hypothesis with their original weights,

For both 3-prong and 4-prong events we reject the coherent hypothesis if
M(p n) > 1.887 GeV.

,.3
i

We have somce (56 ) ambiguities between the channel pd ~ pd 9 # 7 and the channc!

pd = ppnﬂ"ﬂ-. The effective mass distribution M(psn) has a similar shape as the

one of the AC 3-prong coherent channel but {s sumewhat broader ani slightly shifted
towards higher masses. In analogy with the procedure described above we accept

as coherent those ambiguous events for which Mip m) < 1.916 GeV both in the 3-prong




and 10 the $-prong sample. We are aware of the fact thai the procedure is less
€
rehable in this case but since the 7 is slow in the Inboratory frame for the

ambiguous events, we still think it makes sense to use 1t.

* + -
There are no ambiguities between the channel pd = nd 7 7 7 and lhe non-coherent

1C channeis.

The validity of ou. procedurs to obtain a reliable coherent sampie may be judged
from the distribution of t' = lt —tmin! to the final state deuteron shown n fig., 2 for
the pd 7 w channel. The 3-prong events are indicated by the shaded region. The
combined sample exhibits an exponential behaviour down tot' = 0 as expecied for
diffractively produced events. The results of fits Lo an exponential Ae_m’ are
given in table 1. The fit to the 4-prong sample only gives a slightly higher slope
but the values are consistent with being equal within errors. These values of the

slope parameter are in good agreement with results at other energies 5.

We have also fitted the t' distributions for the 4-prong events of the 1C ¢cherent
channels. The results are given in table 1 and figs. 3-4. We use only the 4-prong

sample since we consider the 3-prong sample unreliable.

2.2.2 The p/f ambiguity

The ambiguity between a proton and a T assignment to a track is most serious be-
tween the ppp W—vro and the ppn 1r+1r. channels and as internal ambiguities in the
ppn 1r+rr— channe]l. The events in the ﬂo—channel have an ambiguity rate of 18 ;.
The external and internal ambiguity rates of the neutron channel are 127, and 7%

respectively.

We find it justified to classify these events by selecting the hypothesis for which
the difference between the longitudinal momenta of the nucleons in the center of
mass frame is largest. The moiivation for this choice is the well known fact that
the nucleons are very peripheral in high energy NN reactions. The same method

has been used in other pp and pd experiments (6, 7].

1n addition we observe that the longitudinal momentum distribution of the 1r+ in the
center of mass fram.e becomes more symmetric and agrees with the one of the
ambiguous events and with the one of the # . We estimate this test to favour the

wrong hypothesis in less than 10 %, of the cases. The peripheralily test 18 also used
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=23

o tesalve ambiguttivs between the 1C coherent channels (30 %) and internal ambi-

gulties of the pd ﬂ~ﬂ‘ﬂ‘0 channel although these are rather few (6 5).

3. EXTRACTION OF CROSS SECTIONS

The spectator model implies that the non-coherent channels (1)-(3) correspond to
interactions between the beam proton and one of the nucleons of the deuteron. The

following free pucleon processes may then be studied:

pn —~ ppm (1a)
pn -~ ppe M (2a)
po — pn ﬂ‘rr— (3a)
pp ~ ppm T (3by

Motivated by the impulse approximation and the fact that the Fermi momentum of
the nucleons is relatively small, we define the spectator as the one of the two slow
final state nucleons that has the smallest momentum in the laboratory frame. The
separation of channels (3a) and (3b) thus corresponds to the labeling of different

nucleons as the spectator.

According to the spectator model and the impulse approximation the observed
momentum and angular distributions of the spectator should agree with what we
expect from the deuteron wave function. The angular distribution of the spectator

in the ppm -channel is shown in fig. 5 and the line is the prediction of the madel
taking the invariant flux factor into account. The corresponding momentum distribu-

tion was given in ref. [2a], In both cases the agreement is acceptable [2a7.

0

The spectator momentum distributions for the neutron and 7 channels are not con-
siswent with the Hulthén distribution for unmeasured spectators. The reason for
this is that there are two undetected particles in the final state and the neutral

particle then absorbs the missing momentum almost completely.

The problem of separating the proton spectator and the neutron spectator channels is
illustrated by the scatterplot in fig. 6a which shows the momentum of the slow
proton versus the momentum of the slow neutron, The diagonal, where the two

momenta are equal, represents the separation between the two channels. There i8
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nu clear separation between them for the 4-prong sample, in particular when one
recalls that in these events there is always a high-momentum track which gives a
large uncertainty to the nestron momentum. In spite of this difficulty our sclection
procedure results in a cross section for the reaction (3b) which is consistent with
the one observed with hydrogen target (16 . In this comparison we have only used

that part of the sample where all 4-prong events were analyzed.

T obtain free neutron cross sections from the deuteron cross sections we have to
correct for Glauber screening and for the effect of the Pauli principle. These two
corrections were discussed in detail in our earlier paper [ 2a . A correction of 5 %
for the Glauber screening has heen applied to the cross sections of all non-coherent
channels. The effect of the Pauli principle has been corrected for only in the pp
channel since it is likely to be negligible for the other channels because of resonance

prodaction,

We then obtain the cross sections for the non-coherent channels that are given in
table 2. In fig., 7 we compare our cross sections with those at other energies
"5, 7, 8. 13]. The published cross section at 28 GeV for the reaction pd —~pd ﬂ+1'r-
is only for M(p 11+17_) < 2 GeV. If we correct for this cut, using the ratio of
Mp ﬂ*ﬂ-) < GeV/all extrapolated from values of this ratio at lower energies,

we get the cross section in the figure,

To calculate the cross sections for the coherent chanrels we use only the 4-prong
events and we correct for the 3-prong events by extrapolating the t' distributions of
the deuterons to t' = 0. If we in the 4C coherent channel base the calculation on both
the J-prong and the 4-prong events a cross section that is 5 ) smaller is obtained.

In this channel we observe a prominent d*© signal at 2.20 GeV in the M(d 7" ) distribu-
tion. In the coherent 170 channel an even bigger d** signal is observed. If we subtract
the d* ¢ross sections we obtain cross sections that are also given in table 2, We
note that the d** signal may partly be caused by influx. The d* phenomenon will be
studied in a separate paper.

We have not undertaken any detailed study of the influx of events with an extra T
in the varivus channels, To reduce the influx we apply a probhability cut of 2 7, In the
4C channels and of 10 7% in the 1C channels, which we have found results in accept-

able missing mass distributions, The probability distributions are found to be flat

above the cut in 411 channels but the 1C 3-prone¢ :cherent channels,



From the missing mass distributions for the 4C channels we estimate that the influx

from events with an extra n is small. The influx is difficult to estimate for the other
channels. To account for systematic effects we have thus added extra errors of 3~
and 10 ¢ for influx(/outflux) in the 4C and 1C channels respectively, of 10 ‘5 of the
ambiguous events for failures of the peripherality test in the 1C channels and of 5
and 10 7 of the ambiguous events for events wrongly classified as non-coherent in

4C and 1C coherent channels respectively. All errors are added quadratically.

1. RESONANCE PRODUCTION IN THE pn - pnm n AND pn —~ pp7 7 CHANNELS

We will not give any detailed analysis of these channels in this report but rather limit
ourselves to the presentation of some effective mass distributions. Cross sections for
some of the resonances seen in these distributions have been exiracted, and will be

given together with a few characteristics of the production mechanism,

The nucleons are in these reactions peripherally produced and thus we can split the

peutron channel into two subchannels
n "+ -
pn PF B T (a)
+ -
po =g pa 7 @ {b)
where F and B denote forward and backward in the cM system. The two subchannels

which correspond to 78 % and 22 % respectively, are completely different and show

very few common characteristics.

In table 3 the Jongitudinal momenta of the pions has been used to identify the events
with different peripheral diagrams.

4.1 Nm mass distributions

4+ - -
The pFnBﬂ n channel is in many respects similar to the reaction pp "'ppﬂ*ﬂ
. . +
(1] and that is especially the case for the pr effective mass distribution where large
++

A (4236) signal can be seen, fig.8 a. But in this channel we also observe an equally
large A (1236) peak in the nn mass distribution, fig.8 a. It is interesting to note

) + -
that while the cross section for the reaction pp ~ pp7 7 is 4.6 mbh the cross section

+ -
for the reaction pn = penenr'n” i 2,2 mb and that the difference is almost equal to
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i ihe @& cross section, table 4. To investigate any £ & production we made 1

N -
i scatter plot of M{p - ) va M(n~ ). and, as can be seen in fig. Y. a clear 84 produc-
tion signal is secn. Another indication of 44 production can be seen in fig. s a

where the shaded arcas show the events that have the pions in oppusite hemispheres.

To extract cross sections for the { production we have fitted an incoherent sum of a
slightly modified Breit-Wigner term of the Jackson type "9, 12¢” andl a peripheral
background term to the mass distributions in fig. & a. In the AL case the background
was obtained by adding incoherently the extrapolated number of events in the 4(1236)
mass region (1.15-1.32) GeV from the twu A-bands separately. The excess of events
corrected for the tails are defined as A) events, and the cross section is given in
table 4. The associated &4 production is included in the cross sections for reactions

(1) and (2).

The cross sections for associated A production at various energies in pn, pp and ;p
reactions have heen plotted in fig. 107,10, 11, 12§. From isospin invariance and
dominance of isovector exchange one expects o(pn — LHA—) = g{pp -'—A-:' Ty =

= (9/2) opp -~ A“AO). The line shown is of the form pl_:b with n= 2,5.

-b,t' -b t'
We have fitted double exponentials Ae L Be to the t' distributions of the

reactions (1)-(2) and a single exponential for reaction (3). The values are given in
table 4. The variable t' is defined ast’ = {t -t__ | and the interval used in the

fit is (0.00-0,46) (GeV/c)2 for AH and (0.02-0.46) (GeV/c)2 for £ . In case of
reaction (3) there is a considerable background from single A production. For com-

i parison we mention that b1 =12.6 + 1.4 (GeV/c)-2 is reported for reaction (3) at
11.6 GeV/ce (7],

The remaining two mass distributions i.e, M(pFn-) and M(nBﬂvk) are also given in
fig.8 b. No striking structures can be seen.

For the anBn+n-+channel the various Nm mass distributions have been plotted in
fig. 12. The D7 and pB‘ﬂ mass distributions are dominated by broad low mass
enhancements. Some production of A(1236) can however be seen in all the four
distributions,

+ -
The scatterplot of M(p 7 ) versus M(n 7 ) shows no signal of associated AA produc-
tion. Such production would ingdicate the presence of exotic 4Q = 2 exchange, The

cross section for this process drops rapidly with increasing energy (7] and its

absence {8 in agreement with that observatioa.
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The effective mass distribution of the p 7 combinations in the "o channel are given
in fig. 13. The pBﬂ- distribution is dominated by a broad low mass enhancement
similar to the corresponding one in the LI channel. Production of A (1236) can be

. 0 L
seen in the two pm combinations.

4,2 N7 mass distributions

The various N7 7 mass distributions are shown in figs. 13-16. The shaded regions
show the distribution when the smallest N 77 mass combination is chosen. In the
prr‘ﬂ_ mass distribution we see a broad low mass enhancement that probably con-
tains the N~ (1470) and the N* (1700). The distribution is similar to the correspond-
ing one of the pp = pp 7' n channel (1a]. The nBﬂ+1r~ mass distribution is similar

to the pFTr 7 one as expected from the symmetry of the two systems. We have

added the two distributions in fig. 14 where the smallest mass combination is chosen

in each event.

The mass distribution of the pBﬂ‘ﬂo system, which could be diffractively produced,

peaks at lower masses, like the prr+1‘r_ system.

4,3 7w mass distributions

+ - -
The 77 mass distribution for the channels pn ~pn7 7 and pn —~ppw 7 is shown
in fig. 17. A significant peak in the p region is seen. The production of the p meson
is analysed in detail in an earlier paper [2blwhere also cross sections for p and £

production are given,

ACKNOWLEDGEMENTS

We wish to thank the staffs of the CERN Proton Synchrotron, of the 2m hydrogen

i
P
g
%
&
EH
|

bubble chamber and of the U5 beam for their efforts during the exposures for this

experiment.

Our thanks are also due to the scanning and measuring staffs at our four universities

and the staffs of the computing centers in Copenhagen, Helsinki, Oslo and Stockholm.

Supports from Research Councils in Denmark, Finland, Norway and Sweden are

gratefully acknowledged.




11

REFERENCES

1, a) H. Johnstad. R. Mgllerud, L. Veje, S. Ljung, H.I. Miettinen, R.O. Raitio,
J.K. Tuominiemi, T. Jacohsen, $.0. Sgrensen, .. Granstrim, S.0, Holm-
gren, U. Svedin, N. Yamdagni, Nucl. Phys. BA2 (1972) 558,

b) . DBggyild, k. Dahl-Jensen, K.Il, Hansen, H. Johnstad, 1. Tohse, M. Suk,
I.. Veje, V., J. Karimiki, K.V. Laurikainen, E, Riipinen, T. Jacobsen,
S.0. Sgrensen, J. Allan, G. Blomqgvist, O. Danielsson, G. Fkspong, ..
Gracstrom, S.0. Holmgren, S. Nilsson, B.E. Ronne, U. Svedin, N.K.
Yamdagm. Nucl. Phys. B27 (1971) 285.

a) FE. Dahl-Jensen, 1. Dahl-Jensen, J.D. Hansen, R. Mgllerud, J. Mikeld,

te

M. Pimii, E. Sundell, V. Bakken, J. Haldorsen, T. Jacobsen, G. Skjev-
ling, G. Ekspong, H. Johansson, P. Lundborg and B. Selldén, Nucl, Phys.
BST (1975) 426.
by V. Bakken, J.D. Hansen, T. Jacobsen, H. Johansson, P. Lundborg,
J. Mikeld, R. Mgllerud, J.E. Olsson, M. Pimii, B. Selldén and E. Sun-
dell, Isospin analysis of single p and fo production in pN collisions at
19 GeV/c, contribution to the Conference on High Energy Physics, Palermo,
1975.
3. Proceedings of the European Spiral Reader Symposium, Stockholm, CERN
72-16 (1972).
4, P. Fleuri, Methods of Subnuclear Physics, Vol. II. (Gordon and Breach, New
York, 1968) p. 560.
5. U. Karshon, G. Yekutieli, D. Yaffe, A, Shapira, E.E. Ronat and Y. Eisenberg,
Nucl. Phys. B37 (1972) 371.
H. Braun, O, Brick, A, Fridman, J.-P, Gerber, P, Juillot, G. Maurer,
G. Alexander, S, Nagan, J. Grunhaus, A, Levy, D. Lissauer and Y. Oren,
Coherent production features in dp interactions at 11.9 GeV/c, Contribution
to the Conference on High Energy Physics, Palermc, 1975.
J.W, Chapman, J,W, Cooper, B.P, Roe, D. Sinclair, and J.C. Van der Velde,
Phys. Rev. T.ett, 30 (1973) 64.
D. Hochman, Y. Eisenberg, U. Karshon, A, Shapira, E.E, Ronat, D. Yaffe,
and G. Yekutieli, Nucl. Phys. B68 (1974) 301.
6. G. Alexander, Z. Carmel, Y, Eisenberg, E.E. Ronat, A, Shapira, G. Yekutieli,

A, Fridman, G, Maurer, J, Oudet, C, Zech, P, Clier, Phys. Rev. B173 (1968)
1322.




-

10.

i1,

. Hochman. Y. Fisenberg. U. Karshen, A. Shapira, E. E. Ronat,

. Yaffe. G. Yekutieli, I. Hammerman and J. Goldberg. Nucl. Phys.

Ba (1974 89,

G. Yekutieli, D, Yaffe, A. Shapira, E.E. Ronat, L. Lyons, U. Karshon,

~

Y. Eisenberg, Phys. Letters 34B (1971) 101,

W. Gage, E. Colton, W, Chinowsky, Nucl. Phys. B46 (1972) 21.

. Yekutieli, D, Yaffe, A, Shapira, E.E. Ronat, U, Karshona, Y. Eisenberg,
Nucl. Phys. B40 (1972) 77.

W. Burdet:, J. Hanlon, R.S. Panvini, E.0O. Salant, W.H. Sims, J. Waters,
M.S. Webster. R.R. Kinsey, T.W. Morris, Nucl. Phys. B4# (1972) 13.

J. Hanion, R. Panvini, J. Waters and M, Webster, Phys.Rev. D12 (1975)

673,

J.D. Jackscn, Nuovo Cimento, _§4_ (1964) 1644.

H.C. Dehre, E. Lohrmann, E. Raubold, P, Soding, M. W, Teucher, G. Wolf,
Phys. Rev. 136B (1964) 843.

V. Alles-Borelli, B. French, A. Frisk, L. Michejda, Nuovo Cimento 48A (1967
360.

T. Ferbel, J.A. Johnson, H.L, Kraybill, J. Sandweiss, H.D. Taft, Phys. Rev,
173 (196%) 1307,

. Borecka, G, Drews, W, Lenkeit, G. Comai, R, Santangelo, l.. Bertanza,

A. Bigi, R. Casali, P, Lariccia, R. Pazzi, R. Medves, C. Petri, Nuovo

Cimento, 5A (1971) 19,

Ch Walck, R. Carisson, G. Ekspong, S.O. Holmgren, S Nilsson,
R. Stenhacka, P. Gregory, P. Mason, H. Muirhead and G. Warren,
Nucl. Phys. B100 (1975) 61-73,

H. Bgggild, J. Eades, K. Hansen, H, Johnstad, R. Mgllerud, L. Veje,

P. Laurikainen, P. Lindblom, J. Tuominiemi, T. Jacobsen, S.0O, Sgrensen,
$. Thingvold, G. Ekspong, 1.. Granstrém, 8,0, Holmgren, S. Nilsson,

T. Olhede, U. Svedin, N. Yamdagni, ''Proton-proton reactions at 19 GeV/c

with production of two and three pions", submitted to the X{Vth International

Conference on High Energy Physics, Vienna 1968,




s SETHARTAR SRRy

B
»
"
3
i
3

12.

13

G. Yekutieli, S. Toaff, A, Shapira, E.E. Rouat, 1.. Lyons, Y. LEisenberg,
Z. Carmel, A, Friedman, G. Maurer, R. Strub, C. Voltolini, PP, Cuer,
J. Grunhaus, Nucl. Phys. B18 (1970) 301.

G. Alexander, O. Benary, G. Czapek, B. Haber, N. Kidron, B. Keuter,
A. Shapira, E. Simopoulou, G. Yekutieli, Phys. Rev. 154 (1967) 1284.

C. Caso, F. Conte, G. Tomasini, L. Cas&, L.. Mosca, S. Ratti, 1.. Tallone-

Lombardi, I. Bloodworth, 1.. Lycens, A. Norton, Nuovo Cimento 55 (1964) 66.

G. Kayas, J. Le Guyader, M. Sene, T.P. Yiou, J. Alitti, Nguyen Thuc Diem,
S. Smadja, J. Ginestet, D). Manesse. Tran Ha Ahn, Nucl. Phys. 135 (196x%) 169,

W.E. Ellis, T. Morris, R.S. Panvini, A.M. Thorndike, "A description of

final states with three-, four-, and five-pariicles in pp interactions at 28.5

GeV/c”, Paper submitted to the Lund International Conference on Elementary

Panrticles, lund 1969,

a) H.0O. Cohn, R.D. Mc Culloch, W.M. Bugg, G.T. Condo, Nucl. Phys.
B21 (1970) 505, Phys. Letters 26B (1968) 9.

b) A.R. Kirschbaum, E, Colton, Phys. Rev. 7D (1973) 1324.

¢} A, Shapira, G. Yekutieli, D. Yaffe, S. Toaff, E.¥X. Ronat, 1.. Lyons,
U. Karshon, B. Haber, Y. Eisenberg, Nucl. Phys. B23 (1970) 543.




FIGURE

Fig. t

1o

Fig.

Fig. 3

Fig. 1

W

Fig.

Fig. 6

Fig. 7

Fig. 8
Fig. 9

Fig. 10

Fig. 11

14

CAPTIONS

Various distributions illustrating the separation of the coherent channel
pd ~pd fr‘,'r_ from the non-coherent reaction pd - ppn'lr*'-. The full
distributions represent all events fitting the non-coherent reaction and
the shaded areas correspond to events with an additional coherent inter-

pretation,

Id
fits to singel exponentials.

The t !, distribution for the channel pd —= pdn 7 . The straight lines are
(]

+ -~
The t ! distribution for the channel pd = pd# 7 . The straight lines are

dd
fits to singel exponentials.

+ + -
The td'u' distribution for the channel pd -~ ndm 7 7 . The straight line is

a fit to a singel exponential.
The angular distribution in the laboratory frame of the spectator for the
reaction pd - psppﬂ-. The line is the prediction of the invariant flux

factor.

Scatterplot of plab(ps) versus plab(neutron) for the slow neutrons in the
reaction pd = ppnn*r, where p, is the proton with the smallest labora-
tory momentum. The diagonal line identifies the spectator nucleon.

The histograms b) and c) show the spectator momentum distributions of
the proton spectator and neutron spectator respectively. The shaded area
represents the 3-prong events.

- - + -
Cross sections for the reactions pn ~ pp# , pn—pp?" fro, po-pnm n
+ -
and pd ~ pdm 7 as function of the beam momentum Plab’ The 28 GeV/c

cross section is commented in the text.
+ -
The M(N ) distributions for the PphpT 7 channel.
+ - + -
Scatter plot of M(pFn ) versus M(nB'rr ) for the Ppbp™ 7 channel.

The cross sections for associated AA production as function of the beam

— +
momentum p,for the reactions fp - PR, pp = 8 A and

pn = £"*A7. The line shown is of the form pl-:b withn = 2.5,

The M(N7) distributions for the anBﬂ)rﬂ‘ channel,

Y v L ST A

R T

P SR




Fig. 12

Fig. 13

Fig. 14

Fig. 15

Fig. 16

Fig. 17
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The M(N m) distributions for the pp 1r-1r0 channei.

- + - [
The M(prr 7 ) and M(n“ﬂ 7 ) mass distributions for the popT T
channel. The shaded regions show the distribution when the smalledt

of the two possible N7’ 7 combinations Is chosen.

L. + -
The M(N7 o) distribution for the pFnBﬂ 7 channel.

- + - (R
The M(pBﬂ m ) and M(n_7 w ) mass distributions for the MU

F |

channel.

The M (pF1r°1rO) and M(pBﬂ-ﬂo) mass distributions for the py 7 1

channel.

+ - - -
The M(m 7 ) and M(7n 170) mass distribution for the pno7 7 and

-0
ppm 7 channels,




TABLE !. Fitstot’ = t-t
ml
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nl‘ distributions for the coherent channels

Final state Region fitted Slope xz/degrees of “
freedom '5
pdT 7, 3 and 4 prong .00 - .45 28 ¢ 1 7.5/13
pdm . 4 prong .03 - .15 30 + 2 5.3/10
pir m .4 prong. nod® .03 -.15 29 +2 6.7/10
pdﬂ’ﬂ-ﬂo. 4 prong L0 - 12 20 +2 7.7/9
pde mn. dprongnod’ .01 .12 26 s 1 11.2/9
ndm 7 7 . 4 prong .01 - .12 25 +3 9.3/9

i
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TABLE 2. Channel cross sections., F and B denote forward and backward in the

center of mass system

Channel Events g (mb)
pn —~ppm 1209 0.64 + 0.03
-0
ph - ppmT ®w 1169 0.66 + 0.0b
4+ -
—- n 1053 0.60 4+ 0.07
pn anB ” 05 g
F
- K .1+ 0.
pn pFnBﬂ’ " 3790 2.1 0.2
pd ~pdr % 809 0.42 £ 0,03
nod’ 795 0.35+ 0.03
+ -0
pd ~pdr oy 779 0.36*+ 0.04
nod” 510 0.26 % 0.03
+ + -
pd ~ndwm g n 523 0.15 + 0,02




TABLE 3.

1=

pn—pnmm pn-.pbn,w‘w’ pn-.ppfr‘w"
3790 EVENTS | 1053 EVENTS | 169  EVENTS
4 ’ [ » [ »
\'-<::n° ﬁw- p]
== |, :’ . :é:‘
AQ = AQ=2 AQ 0
34%, 13% 29%
’ - | ° nel® ’
| | =
AQ =1 HQ+0 AQ =1
1% 37°% 19°. :
S D v B
. =1, A s
AQ =0 AQ 1 AQ =1
25% 26% 19%
: ]
n :’ n :’ " "'_
AO=0 HQ=0 . HOQ =0
30% 26%, 33% ]
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TABLE 4. Cross sections for  production and results of fits to doublte

“Q|t' t‘.!"
exponentials Ae + Be
Channel Cross section b1 b, B/A
-2 T
(mb) (GeV/c) (GeV/c)
++ -
pn~lp Bom 0.72 £ 0.09 25+ 7 411 0.36+ 0.11
pn ~pw :,;; 0.74 - 0.09 18+ 5 3 -1 0.19x 0.14
pn o~ % A 0.14 = 0.03 19 + 2 - -
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